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ABSTRACT
The purpose of this study was to evaluate the effect of cockpit noise on aircraft
pilot psychomotor performance on a simulated tracking task. The performance of thirtytwo participants was measured on a vertical and horizontal tracking task. In the control
group, eight participants were used in a quiet condition. In the experimental group, eight
participants were exposed to low intensity cockpit noise (50 dBA), eight participants
were exposed to medium intensity cockpit noise (60 dBA) and eight participants were
expose to high intensity cockpit noise (70 dBA). The performance of the control and
experimental groups was measured in an advanced simulator flight-tracking task for 60
minutes with no rest periods. The results confirmed that noise does have an effect on pilot
performance in the cockpit. Results also supported the contention that advanced flight
simulators create meaningful aircraft environments for aircraft pilots. Noise affected the
performance of the pilots on several performance measures (vertical and horizontal
control inputs during straight and level flight).
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INTRODUCTION
Aircraft generated noise is not only a problem as it impacts humans on the ground,
but also as it affects aircraft pilots in the air. The level of cockpit noise intensity can be a
major problem, especially if single and multi- engine aircraft are propeller-driven. The
level of cockpit noise in propeller driven aircraft can be very high during climb, cruise and
in various maneuvers. Cockpit noise can range from 50 to 120 decibels (dBAs) during
these events. The aftermath of cockpit noise can have both temporary and permanent
effects on aircraft pilots' hearing ability. Noise can also contribute to pilot fatigue and
communication difficulties. The combined consequence of noise can deteriorate a pilot's
ability to concentrate on the flight mission. This can prove hazardous to general aviation
safety. The goal of this research was to evaluate the impact of cockpit noise on aircraft
pilot performance during a simulated task.

Sources of Aircraft Noise
In the early days of aviation, studies on aircraft noise were directed toward
improving the comfort of the aircrew members and passengers. With the introduction of
radio and telephone systems for communication with ground stations, improvements in
facilitation of speech communication has become one of the primary objectives of such
noise studies. In recent years, with the increasing use of multi-engine aircraft, the
protection of ground crew working on or near the aircraft, and comfort of people living
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near airports have become additional objectives (Ganguli & Prakash, 1971). The chief
sources of noise in aircraft are (1) the engine and propeller which supply the power needed
for lift and propulsion at high speeds; (2) the interactions between the aircraft and the air
through which it is flying (especially aerodynamic or boundary layer noise caused by the
turbulent flow of air rushing over the surfaces, edges and projections on the vehicle); and
(3) the subsidiary sources of noise such as internal power generators, hydraulic systems,
cabin air conditioning and pressurization systems, as well as other communications
equipment (Guignard & King, 1971).

General Description of Aircraft Noise
Noise inside an aircraft when it is in flight is made up of components generated by:
(a) the engine (and propellers, if any); (b) the flow of the air over the outside surface of the
aircraft (slipstream) and inside the ducts and louvres of the heating, ventilating, and
pressurizing systems; and (c) the ancillary equipment such as the motors, generators and
hydraulic systems. The noise from a propeller-driven aircraft is derived mainly from two
sources: the propeller and the power plant. Of these two, the propeller is by far the most
important noise source as the propeller noise generally exceeds the noise from the power
plant with respect to its absolute level and its disturbing effect on the human. In fact, the
intensity composition of the noise from a propeller-driven aircraft makes it far more
annoying and damaging to the ear (Guignard & King, 1971).
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The Human Ear
The ear can be divided into three main parts; the outer, middle, and inner ear. The
outer ear, consisting of the fleshy pinna and ear canal, conducts the sound waves onto the
eardrum. The middle ear converts sound waves into mechanical motion of the auditory
ossicles and the inner ear converts the mechanical motion into neural impulses, which
travel along the auditory nerves to the brain (Crocker & Price, 1975, CRC Press). The
human ear has a wide range of frequency response from 10 or 20 Hz to 17,000 Hz and it
also has a large dynamic range. The ratio of the loudest sound pressure a person can
tolerate to the faintest a person can hear is about ten million Hz (Crocker & Price, 1975,
CRC Press). There are three essential reasons for considering the human ear: (a) Sound
levels are now very high in the industrialized societies with many individuals exposed to
intense noise that results in permanent ear damage; (b) Large numbers of other individuals
are exposed to noise from inside and outside of aircraft resulting in annoyance and fatigue;
(c) Subjective reasons.
The understanding of human subjective response to noise allows researchers,
environmentalists and engineers to focus on more effective ways to reduce noise (Crocker
& Kessler, 1982 CRC Press) and to address noise regulation. Since 1966, many important
federal laws have been enacted which contain provisions that have the effect of controlling
noise. Many other laws have been promulgated to protect the workers hearing, such as
aircraft pilots and industrial flight line workers. The Occupational Health and Safety Act
(OSHA) incorporated noise levels limits as regulations under the Act that was promulgated
in 1969. These regulations limit the noise exposure of a worker to 90 dB (A) for an eighthour workday (Crocker & Kessler, 1982, CRC Press). The adverse effect on hearing from
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duration of exposure as well as noise levels has been accounted for in formulating these
regulations. The regulation allows a trade-off, which permits a 5 dB (A) increase in noise
level for each halving of the exposure duration. Table 1 illustrates this trade-off. According
to the noise regulation, no worker should be subject to exposed noise levels exceeding 115
dB(A).

Table 1. Permissible Noise Exposure
Ln-Noise level
(dB(A))
85
90
95
100
105
110
115

Tn-Allowable Exposure
Duration (Hr)
16
8
4
2
1
0.5
0.25

5
The Department of Labor published proposed changes to the OSHA noise
regulations in the Federal Register, October 24, 1974. They proposed that the permissible
noise exposure limits for steady noise be extended to include levels as low as 85 dB(A).
See Tables 2 and 3 for the proposed exposure limits. These federal noise regulations were
used as a guideline in this research.

Table 2.
Permissible Noise Exposure Limits
Ln-Noise level
(dB(A))
90
95
100
105
110
115

Tn-Allowable Exposure
Duration (Hr)
8
4
2
1
0.5
0.25

Table 3.
Reversed Permissible Noise Exposure Limits
Ln-Noise level
(dB(A))
85
88
91
94
97
100

Tn-Allowable Exposure
Duration (Hr)
8
4
2
1
0.5
0.25

STATEMENT OF THE PROBLEM
Many studies on the effect of noise on human performance have been limited to
laboratory settings. Many of the findings of these laboratory-based experiments on the
effects of noise on human performance are inconclusive or contradictory. Of the
experiments that were found to be conclusive, the element of realism was minimal or
nonexistent; therefore, generalizations about the effect of noise on human performance
must be limited to specific laboratory conditions. Accordingly, such findings should not be
applied to real world pilot-behavior in operational aircraft. Because of this lack of realism,
research is needed to discover if laboratory findings on the effects of noise are an
acceptable predictor of pilot performance in more realistic conditions that are more typical
of what pilots will encounter while operating an aircraft.
One practical purpose is to discover if there is a relationship between the effects of
noise on human performance in the laboratory to that in actual flight, which can be
replicated in laboratory experiments using simulated flight environment scenarios. There is
evidence that flight simulators create meaningful environments for pilots. Klauer (1997)
examined the concept of total fidelity flight simulation and the results indicated that the
closer a flight simulator corresponds to the actual flight environment, the more the pilot's
skills will transfer to the aircraft. Recording the impact of noise on a pilot's ability while
he or she is engaged in a meaningful flight task may confirm or refute generalizations of
findings from laboratory experiments involving the impact of noise on human performance
6
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Therefore, research is needed to discover if such a method will confirm or refute the effects
of noise on pilot performance in the cockpit.

REVIEW OF LITERATURE

Noise Intensity
Many researchers have studied the impact of high and low intensity sound or noise
on human performance. Kallman & Isaac (1977) tested the reaction times of six male and
six female college students, in which noise was used as a measure of arousal under
different levels of ambient sensory stimulation. Participants were tested under conditions
of light-quiet, light-noise, dark-quiet and dark-noise with a non-signaled reaction-time task
using a tactile stimulus. All sensory conditions were presented to each participant in a
counterbalanced order and replicated in a second session three to eight weeks later. The
significant main effects were noise and replication. Improvement in performance across
replications was related to the gender of the participant.
Gawron (1982) studied the performance effects of noise intensity, psychological
set, task type and complexity. Thirty-two male undergraduate students with good health,
normal uncorrected audition, and normal or corrected-to-normal vision participated in this
experiment. The experiment involved the manipulation of the participant's sets,
measurement of performance over time, and adaptive adjustment of task characteristics.
Three states of psychological sets were established by telling groups of eight participants
each that noise degrades, facilitates, or has no impact on performance. The control group
was told nothing about noise effects. Three intensities of broadband white noise (55,
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70, 85 dBA) were presented over loudspeakers to each participant during the completion of
a four-task, adaptive-criterion battery. Gawron found that the only significant main effect
of noise was a facilitation of tracking performance. There were several significant
interactions of noise with the other independent variables.
Blackwell and Belt (1971) were two of the many researchers that indicated that
noise intensity has no influence on performance. Blackwell and Belt studied the
consequence of differential levels of ambient noise on vigilance performance. Twentyseven male undergraduate students participated and nine participants each were randomly
assigned to one of three experimental conditions. The decibel measurement of noise used
were 50, 75 and 90 dBA ambient noise levels. The participant's task in all conditions was
to monitor a visual display for forty minutes in order to detect periodic signals against a
background of regularly occurring events. Forty-eight signals in a forty-minute period
were presented for a signal probability of .04. A split-plot analysis of variance was used to
analyze the number of errors (misses) and false alarms made by each participant during
each five-minute period. The results of the analysis of variance showed a decrease over
time for both misses and false alarms (indicating that the task was indeed measuring
vigilant behavior).
Weinstein (1974) studied the result of noise on intellectual performance. The study
was to determine whether noise levels far lower than those generally employed would
interfere with a familiar task. The purpose was to demonstrate some real-life situations and
to understand how participants cope with noise by using a more thorough process of
monitoring then had been practiced in other studies. The noise levels that were used on an
intellectually challenging task were for the purpose of measuring deviations in
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performance. Thirty-three college students performed proofreading in quiet conditions or
with a background of intermittent teletype noise (70 dBA). It was predicted that errors such
as misspellings, which can be detected by examining a single word, would be little affected
by noise. As predicted, noise participants did not differ significantly from quiet
participants in detecting spelling errors, but were poorer at identifying grammatical errors.
Contrary to expectations, recall of the content of the proofreading passages was unaffected.
Detailed analysis revealed that participants initially worked more slowly, less steadily, and
more accurately during noise bursts than during intervening quiet periods.
In aviation today, the effective execution of difficult flight control skill such as
high altitude and low altitude flight or takeoff and landings requires that the pilots form a
vertical perception of their position and motion with respect to the flight environment. A
study presented by Dyre and Andersen (1990) examined the sensitivity of spatial
orientation to noise in the global optic flow field. Four undergraduate students participated
in the experiment. Noise was produced by randomly shifting the phase lag of the threedimensional motion function for each individual point within the display. Two levels of lag
were examined, no lag and ten second lag. Change in posture was used as an objective
measure of spatial orientation and was recorded. When no lag was present, increased
postural sway was often seconds. Participants exhibited no increase in postural sway at the
display frequencies.
Broadbent (1957) conducted a study on the impact of noise of high and low
frequency on behavior to compare the effects of three intensities of noise, each at high and
low frequency in a reaction task. The noise was reproduced from a continuous loop tape
recorder and played back through distributed loud speakers to give a sound field flat over
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the participants' working area. Three groups of participants worked for two sessions in
noise on a five-choice serial reaction task. In the first experiment, the participants were told
that when a particular light was on, a particular contact was to be touched with a stylus and
as soon as this was done a different light came on. Each participant was told to keep on
touching the indicated disc without making any mistakes. In the second experiment, the
participants were told to match the sound for loudness. During one session, the noise was
restricted to frequencies above 2000 Hz and frequencies below 2000 Hz during the other
two. The high frequency noise produced increased errors in performance, although there
was a significant difference only at the highest intensity of 100 dBA. During the period
that the reaction times were measured to the same noises, the first reaction of a series with
the same type of stimulus was slower when the stimulus was low intensity and low
frequency. With high frequency or high intensity stimuli, this was not so. The result in
experiment I indicated that the number of correct responses made in a given time showed
no appreciable performance degradation of noise. There was no difference between the
effects of high and low frequency noise at 80 dBA or 90 dBA, but at 100 dBA the high
frequency noise was substantially worse than the low, and the difference was shown to be
significant. The result in experiment II indicated that the difference between low frequency
and high frequency noise on the first response was quite insignificant in the 100 dBA
group, but easily significant in the 75 dBA group, Thus at low intensity the low frequency
noise gave a slow response compared with the high frequency one but the difference
disappeared at high intensities.
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Noise Types
Carter and Beh (1987) conducted a study on the impact of the level of predictability
of intermittent noise performance in a visual vigilance task. Under a quiet condition and
three intermittent noise conditions, 72 male college students participants carried out a 55
minute task where they were required to detect a change in the brightness of one element
of a display. The noise stimuli were arranged in bursts of one-third-octave band noise
centered at 4.0khz and was presented via a loudspeaker at 92 dBA. The results indicated
that participants were less sensitive, less accurate, and more prone to response failures
during intermittent noise, although the rate of responses were faster under noise conditions.
Measures of response bias and response certainty were not significantly impacted by the
presentation of noise. Variation in the level of predictability of the noise affected only the
accuracy of response measure during the final quarter of the vigilance task, with the group
receiving the least predictable noise performing significantly worse than the other three
groups.
Harris (1972), studied the impact of intermittent and continuous noise on serial
search performance to determine whether high intensity broadband noise has an adverse
effect on human performance when special conditions related to type of task, length of
testing, and intensity of noise exposure are met. Three groups of 20 participants were each
tested on a serial search task. The first group was presented with continuous broadband
noise, the second received intermittent noise, and the third served as a control group.
Performance was measured for 36 minutes continuously during four days of test. Both
noise groups produced approximately the same results. Both groups found significantly
fewer numbers on the task than the control group on the last two days of testing. The effect
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was quite orderly; the smallest difference between groups occurred on the first testing day
and the largest occurred on the last day of testing. On these days, the impact was constant
throughout the 36 minutes of testing. The results support the contention that when certain
conditions of testing are met, reliable result of noise on performance can be demonstrated.
Koelega (1986) studied the effects of intermittent noise and its temporal pattern on
visual vigilance performance. This study was investigated using a between-subjects design
with a multivariate approach. Two levels of noise interruption and frequency were
combined, factorial with two levels of noise regularity along with a controlled no noise
group. A total of number of 53 students (25 female and 28 male) participated. All
participants performed a two-hour vigil task in isolation and were not informed about
results during the task. The conventional data analysis revealed no effect of noise on
vigilance performance, however; the detailed analysis revealed that intermittent noise does,
in fact, affect vigilance performance in all noise conditions. The percentage of correct
detections was higher if the time between noise and signal presentation was short.
Monitoring or vigilance tasks represent an important class of functions in aviation
as demonstrated in a study, published by Becker, Warm, Dember, Sparnall and DeRonde
(1992). The impact of jet engine noise related to performance feedback on perceived
workload was conducted by monitoring tasks. This study examined the effects of exposure
to intermittent jet aircraft noise (70 dBA or 95 dBA maximum intensity) and knowledge of
results concerning signal detection's (hit-KR) on performance efficiency and perceived
workload in a 40-minute visual vigilance task. Seventy-two participants participated in
this experiment. All of the participants had normal or corrected-to-normal vision and were
free of any known hearing impairments. The test participants participated in a 40-minute
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vigilance task divided into four continuous 10-minute periods. The noise featured a
Doppler-like quality in which planes seemed to approach from the monitor's left and
recede to the right. Perceptual sensitivity (d') was poorer in the context of noise than in
quiet but only in the presence of hit-KR. The lack of noise-related performance
differences in the absence of hit-KR most likely reflected a "floor effect" rather than some
special relation between noise and feedback. When compared to participants performing
in quiet, those who operated in noise were less able to profit from hit-KR, a result that may
reflect the effects on signal detectability and noise elevated perceived workload, as
measured by the NASA-TLX. This effect was robust; it was independent of the presence
of hit-KR, although hit-KR generally lowered the overall level of perceived workload, it is
a sensitive measure of the aircraft noise in monitoring tasks.
Eschenbrenner (1971) conducted a study on the effects of intermittent noise on the
performance of a complex psychomotor task. Psychomotor target tracking tests require the
participant to manipulate a control lever in coordination with the movements of a visual
target display of different lights. Eschenbrenner reviewed studies from to 1971 that
showed no effects of high intensity intermittent noises on the ability of participants to track
a moving target on an oscilloscope screen. Eschenbrenner found in his study with 24
participants that continuous regular periodic and aperiodic noise all reduce performance
time on a complex visual tracking task as compared with the performance time of the
control group of six participants working in quiet. This study shows that noise produces a
significant decrement in image motion compensation performance, and that the magnitude
of this decrement varies as a function of the temporal pattern of the noise and the intensity
level of the noise.
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Smith and Broadbent (1980) were two of the many researchers who indicated that
noise has no effect on performance. Smith and Broadbent performed two experiments on
the effect of noise on performance on embedded figure tasks. In the first experiment, 20
female participants were tested individually on an embedded figure task in both noise (85
dBC) and quiet (55 dBC). Half of the participants had the noise treatments in order quietnoise and half in the order noise-quiet. In the second experiment, 32 female participants
were given a more difficult embedded figure task. Neither experiment showed any effect of
noise on performance.

Duration of exposure
Kluender and Jenison (1992) studied the effects of glide slope, noise intensity, and
noise duration on the extrapolation of FM glides through noise. Three experiments were
conducted to assess the mechanisms by which listeners maintain continuity for upward
sinusoidal glides that are interrupted by a period of broadband noise. The first two
experiments used stimulus complexes consisting of three parts: prenoise glide, broadband
noise interval, and postnoise glide. For given prenoise glide and noise interval, the
participant's task was to adjust the onset frequency of a same-slope postnoise glide so that,
together with the prenoise glide and noise, the complex sounded as smooth and continuous
as possible. The slope of the glide (1.67, 3.33, 5, and 6.67Bark/sec) as well as the duration
(50, 200, and 350 msec) and relative level of the interrupting noise (0, -6, and -12 dB S/N)
was varied. For all but the shallowest glides, participants consistently adjusted the offset
portion of the glide to frequencies lower than predicted by accurate interpolation of the
prenoise portion. Curiously, for the shallowest glides, participants consistently selected
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postnoise glide onset-frequency values higher than predicted by accurate extrapolation of
the prenoise glide. There was no effect of noise level on participants' adjustments in the
first two experiments. The third experiment used a signal detection task to measure the
phenomenal experience of continuity through the noise. Frequency glides were either
present or absent during the noise for stimuli like those used in the first two experiments as
well as for stimuli that had no prenoise or postnoise glides. Participants were more likely
to report the presence of glides in the noise when none occurred (false positives) when
noise was shorter or of greater relative level and when glides were present adjacent to the
noise.
Hockey (1973) found a decrement in performance after only 32 minutes of
exposures during the studies on the changes in information-selection patterns in
multisource monitoring as a function of induced arousal shifts. Two experiments were
carried out using an observing response three source-monitoring task. Thirty-six
participants participated, twenty-four in experiment I, and the remaining twelve in
experiment II. An arousing treatment, loud noise, produced increased sampling of the
source associated with high fault probability, while sleep loss, presumed to decrease
arousal level, resulted in a reduction of sampling on the high probability source. In
accordance with past work with this task, these changes in selectivity only occurred when
participants were restricted in their sampling rate by pacing procedure. In addition,
systematic changes were found in the detection of faults, once they were located on a
particular source. Noise tended to remove the tendency to check sources twice before
correcting the fault, while sleep loss increased the frequency of these uncertain responses.
Various noise studies such as Hockey's (1973) have indicated that longer exposures seem

17
to produce performance decrements while others such as Jerison (1959) found none after
1.5 minutes in his three experiments on noise with vigilance, noise with complex mental
counting and noise with time judgment. In Jerison's first experiment, which was on noise
and vigilance, the participants' task was to monitor a panel of three Macworth-type clocks
and to press a response switch under a clock when its hand stepped through twice its usual
excursion. In the second experiment which was on noise and complex mental counting, the
participant was to count the number of time each light flashed and to maintain separate
counts for each light. The participant responded by pressing a button under a light when
the light had flashed N times and began the count for that light again. In the third
experiment, which was on noise and time judgment, while performing the counting task
the participants were also required to press a telegraph key.
Culbert and Posner (1960) studied the human habituation to an acoustical energy
distribution spectrum. A tape recording of fly-over by two airplanes was made. Both of the
airplanes were four-engine passenger types, but one was jet-driven while the other was
propeller-driven. The purpose of the test was to determine the relative acceptability of
noises from different types of aircraft. The result indicated the group of 28 participants
showed a significant increase in tolerance for the jet-engine noise (in comparison to
propeller noise) after two series of exposure trials per week for three consecutive weeks.
The tolerance for the habituated group at the end of three weeks was also significantly
greater than that shown by 20 control participants tested for the first time.

18
Type of task & complexity
Arnoult and Voorhees (1980) studied the effects of aircraft noise on an
intelligibility task. The research was undertaken to investigate the problem of whether
there is any difference in the extent to which impulsive and non-impulsive noises actually
interfere with performance on a representative audiovisual task. Participants were 20 men
and 10 women drawn from the students and faculty. The recorded sounds of three aircraft:
(T28, Bell 204B helicopter, and Bell 206 helicopter) flying directly overhead at 300 feet
and 900 feet (91.4 meters and 274.3 meters) were played while participants engaged in an
audiovisual task. The participants viewed a series of 35-mm color slides of everyday
scenes and heard them described by one-word labels. Each label was to be identified as
"right," "wrong," or "unheard." The correlation between mean noise intensity and the
number of failures was high.
Toplyn (1991) studied the effect of the differential effect of noise on creative task
performance. The question that was investigated was whether environmental conditions
that are known to affect levels of arousal (environmental noise) affect performance on
tasks designed to assess creative potential. Levels of 60, 80, and 100 decibels of noise were
used to raise arousal responses in 72 undergraduates while they were individually assessed
on creativity tasks. Two hypotheses were tested: The first was that noise would interfere
with performance on creativity tasks, and the second was that high scorers would be
resistant to this effect. The noise-induction appeared to have a differential effect. For
highly original participants, there was a curvilinear relationship between the noise and
performance; this relationship was not reflected in the performance of subjects who scored
low in originality.
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Clevenson and Leatherwood (1979) found that annoyance responses increased
linearly with increasing noise level and were greater for the listening task than for the
reverie condition. Further, the differences in annoyance response between the task and
reverie conditions were greatest for the overall sound pressure level (OSPL) and least for
the speech interference level (SIL) on their study of the effect of noise spectra and a
listening task upon passenger annoyance in a helicopter interior noise environment. A total
number of 84 participants (15 males and 69 females) participated in the study. The
participants were asked to listen for and record phonetically balanced words presented
along with the interior noise of the noise stimuli and to provide annoyance ratings of each
noise stimulus using the nine-point unipolar scale. Both reverie and listening situations
were studied as well as the relative effectiveness of several descriptors (i.e., overall sound
pressure level, A-weighted sound pressure level, and speech interference level) for
quantifying annoyance response for these situations. The noise stimuli were presented at
levels ranging from approximately 68 to 86 dB(A) with various gear clash tones selectively
attenuated to give a range of spectra. The listening task required the participants to listen to
and record phonetically balance words presented within the various noise environments.
Results indicated that annoyance during a listening condition was generally higher than
annoyance during a reverie condition for corresponding interior noise environments.
Attenuation of the planetary gear clash tone resulted in increases in listening performance
but had negligible effects upon annoyance for a given noise level. The noise descriptor
most effective for estimating annoyance response under conditions of reverie and listening
situations was shown to be the A-weighted sound pressure level. The result also indicated
that listening task performance (correct recording of phonetically balanced words)
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decreased as the background noise increased. For all spectral conditions, significant
differences in annoyance responses for the listening task and reverie conditions were
found. The participants were more annoyed during the listening task condition.
There are other types of tasks that show performance decrements in the presence of
noise. These include complex mental tasks, skill and speed tasks, complex psychomotor
tasks, and other tasks that demand a high level of perceptual capacity. A study by Boggs
and Simon (1968) found a significant interaction between noise and task complexity in an
experiment of the differential effect noise has on tasks of varying complexity. The method
of simultaneous tasks was used to test the hypothesis that the deleterious effect of noise on
performance varies as a function of task complexity. Forty-eight participants performed on
one of two complexity levels of a four choice reaction time task and at the same time,
performed a secondary auditory monitoring task. All participants performed in both quiet
and noise conditions. Performance indexes were reaction time for secondary-task errors.
Noise produced a significantly greater increase in secondary- task errors when the
secondary task was paired with complex primary task than when it was paired with the
simple primary task. Secondary-task performance provided more sensitive measure of both
task complexity and the effect of noise than the reaction time measure.
A study by Tsang and Vidulich (1987) examined age effects on time-sharing
performance in 90 participants across a broader age range (from 20 to 80 years old), such
as maintaining aircraft stability while navigating. The experiment examined pilot and nonpilot time-sharing performance. Due to their experience of juggling multiple tasks
simultaneously in the cockpit, pilots were considered to have expertise in time-sharing that
would not have developed in the course of a typical laboratory study. Active pilots were
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therefore recruited as experts in time-sharing, and an equal number of non-pilots were
recruited as a control group. Participants performed a test battery composed of tasks that
represented various cognitive aspects of piloting (demanding and flight relevant laboratory
tasks were used). Participants time-shared a continuous acceleration-controlled tracking
task with either a memory task or a spatial orientation-processing task. A horizontal and
vertical tracking task were used to represent the manual flight controls. Two aspects of
time-sharing performance were studied: time-sharing efficiency (dual task performance
level) and attention allocation control (task management according to task priorities). The
results indicated that younger participants had better task management than older
participants. However, the age effect on management was not large until age 60 or beyond.
Pilots time-shared more efficiently and had better task management than non-pilots.
Significant age effects were observed across all single task performance measures and all
dual task decrement measures except for the dual memory RT decrement. Age effects on
the decrement measure showed that older participants time-shared less efficiently than
younger participants. The results also indicated that older participants generally did not
perform as closely to the optimized standard as younger participants, indicating that the
older participants had poorer attention allocation control than the younger participants.
Wheale and O'Shea (1982) were two of the many researchers who indicated that
noise has no effect on performance. Wheale and O'Shea conducted a study to test the
hypothesis that noise affects performance by increasing arousal. Twenty participants were
exposed to four noise conditions: teletype, intermittent, jet-cockpit and helicopter-cockpit
noise at approximately 100 dB(A). The control orfcquiet' condition was white noise at 66
dB(A). The activity used was a four-choice psychomotor task, which had previously been
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shown to be sensitive to the effects of noise. Heart rate, used as an indicator of arousal, was
monitored in each 8-minute trial session. No significant decrease in task performance was
found in the four noise conditions. However, the intermittent noise condition produced a
significantly higher total error score when compared with the jet and helicopter noise
conditions. No significant increase in arousal level as indicated by heart rate was observed
in the four noise conditions, but it was shown that as heart rate increased, misses
decreased. Knowledge of results was found to have a significant effect on arousal but not
on performance. However, extroverts scored significantly more errors than introverts and
participant who scored highly on the neuroticism scale had significantly more miss than
those subjects with a low score. The results indicated that neither performance nor arousal
was affected by noise presents apparent problems for the arousal hypothesis.

Perceived Annoyance
A study published by Carter (1996) examined the effects of noise on perceived
annoyance and performance. The study was conducted to examine the effects of loud
auditory noise of 90 dB(A) and training conditions (consistent vs. variable) on 1), the
development of automated categorical search skill, and 2) subjective responses regarding
annoyance and perceived task impact. Participants were trained on a categorical visual
search task for seven days. This task required participants to search for a word from a
target category against a background of words from non-target or "distractor" categories.
For one group, the stimulus-response mappings were consistent (i.e., the stimuli were
consistently and exclusively used as either targets or distractors throughout the duration of
experiment) while the other group was trained under stimulus-response mappings that
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could vary from trial to trial. The often-observed response time advantage of consistent
training conditions over variable training conditions was observed. Without sacrificing
accuracy, consistently trained participant responded significantly faster than the variabletrained participants did. This pattern was not affected by noise. The noise did, however,
affect annoyance ratings differentially for the two training conditions. Variably trained
participants reported greater annoyance than their consistently trained counterparts.
Because the annoyance ratings did not interact with amount of training and expertise, it
was concluded that the annoyance ratings were due to the characteristics of the tasks per
sessions and were not affected by task familiarity or degree of automatized responding.
Unlike the annoyance ratings, the performance impact ratings declined over the course of
the seven sessions. This effect did not interact with training condition. Thus, participants'
reports of expected detrimental performance impacts due to the noise stimuli decreased
with training, while annoyance ratings stayed constant.

Effect of noise on task performance
The effect of noise on task performance has been studied extensively in the
laboratory and in work situations. In reviewing the literature related to aircraft cockpit
noise, previous reports dealing with aircraft noise have indicated that there are a large
number of published reports dealing with aircraft noise. There are two main categories of
aircraft noise: one that originates externally mainly on the ground, and one that originates
internally in the aircraft cabin or cockpit. Both are worthy of studying and analyzing, but
for the purpose of this study, only the internal noise generation of the cockpit noise will be
studied.
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Pilot Performance Measures
Pilot performance measurement has been an enduring issue for many years that has
escaped a simple solution (Tsang (1997). There are three major approaches to assess pilot
performance: subjective evaluation of actual flight performance by the instructor or pilot,
quantitative off-line performance measures (tracking error, degree deviation from
simulator flight course, reaction time), and accident rate. The subjective and accidents are
good approaches of assessing pilot performance but for the purpose of this study, the
quantitative off-line simulator or laboratory task performance measures will be used due to
the fact that it is considered to provide the most diagnostic information.

SUMMARY OF LITERATURE REVIEW
The investigations of the effect of noise on pilot performance have yielded
divergent results. Some investigators mentioned in the literature review section of this
study indicated that noise degrades performance while others show no effect on
performance (Appendix B). Past researchers' findings on the effect of noise on pilot
performance did not use realistic environment (affordable flight simulation experience).
This lack of meaningful experience has resulted in inconclusive findings. There are several
possible explanations for the lack of meaningful findings of past experiments on the effect
of noise. One explanation is that the tasks performed in these studies did not use a flightsimulated environment such as the flight simulator, which could have yielded a meaningful
result. Another possibility is that the tasks in the past noise experiments were so
straightforward that it resulted in a non-meaningful conclusion. If the past studies on the
effect of noise on pilot performance had incorporated some simulated tasks which included
realistic tasks that the participants perform daily on their jobs, such as aircraft pilots
(simulated flight task: flight maneuvers), then these studies could have resulted in
meaningful findings. Stave (1977) attempted to use a flight simulator to demonstrate the
effect of cockpit noise on pilot performance, yet the findings on the result of his study were
minimal. Stave was one of the many researchers that indicated that noise has no effect on
performance. Stave studied the effects of cockpit environments on
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long-term pilot performance with a hypothesis that the increased stress of environmental
stimuli, such as noise and vibration, would degrade pilot performance on complex
instrument flight patterns. A fixed-base helicopter simulator was used to examine pilot
performance. Participants flew the simulator for periods ranging between three and eight
hours while exposed to vibrations (17 Hz) ranging from 0.1 to 0.3g, and noise stimuli
varying between 74 and 100 dB. Despite reports of extreme fatigue on these long flights,
participants' performance did not degrade. The result indicated that within the limits of the
study, performance tended to improve as environmental stress increased.
In this study, an attempt was made to implement the major conditions necessary for
demonstrating an effect of cockpit noise on pilot performance. Noise of 70, 60 and 50
dB(A) will be administered during performance on a flight tracking task which requires
continuous attention by the participant and testing will continue for 60 minutes. Simulated
cockpit noise will be used for the study.

STATEMENT OF THE HYPOTHESES
Hypothesis 1:

As noise intensity increases, performance will decrease in vertical
and horizontal tracking tasks.

Hypothesis 2:

As noise duration increases, performance will decrease in vertical
and horizontal tracking tasks.

Hypothesis 3:

There will be a significant interaction between noise intensity and
duration on vertical and horizontal tracking.
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METHOD
Participants
The test participants consisted of aircraft pilots who held at least a private pilot's
certificate. The sample was selected from the population of Phoenix East Aviation,
PhilAir Aviation, Wrightway Aviation and Embry-Riddle Aeronautical University students
enrolled at the Daytona Beach, Florida campus. The participants' ages ranged from 18 to
38 years. The participants' total flight time ranged from 65 to 1200 hours with a mean of
288. A sample size of 32 participants was used (see Appendix C). The process for
recruiting participants was extensive. First, informal contacts were established with flight
students. In the initial contact, the students were informed that aircraft pilots were required
for the paid study. The experiment was conducted at the Flight Safety International
simulator room (see Figure 1). A quiet simulator room with a working outlet was used for
the experimental evaluation. The participants were protected in terms of anonymity and
confidentiality. Strict adherences to all ethical guidelines on the use of human participants
were upheld.

Sampling Rate: The sample rate (SR) is that which amplitude values are digitized from the
original waveform. For periodic waveforms, the duration of the waveform before it repeats
is called the wavelength or period of the waveform. For the purpose of this study, the

28

29

wavelength or period was 5 seconds and frequency was 0.2Hz. The frequency of a
waveform is equal to the reciprocal of the wavelength. The root mean square is the
measure of the magnitude of a set of numbers. The root mean square (RMS) values of a
number (n) of values of a quantity (xu x2, x3...) equal to the square root of the sum of the
squares of the values divided by w, and in this study the values of a quantity are the altitude
deviations exceeding ± 100ft and heading changes of ± 10 deg from the assigned heading.
Based on the pilot study performed and the past experiments performed on pilot
performance, the sample rate that best described the pilot performance behavior in this
study was 5 seconds intervals. In the present research, the altitude and heading, absolute
deviations from the desired were sampled at 5 seconds intervals. The 5 seconds intervals
were chosen based on studies performed on pilot performance. Schwank, Bermydez, Smith
and Harris (1978) conducted a study on pilot performance during flight simulation with
peripherally presented visual signals. The study was performed with 48 male pilot
participants and for the heading and airspeed the absolute deviations from the desired were
sampled at 5-second intervals. The ability of the pilots to maintain a constant vertical
velocity was measured from a point at which the standard rate was initially established
during climb or descent, until the reverse direction was initiated. The deviations from the
standard were also sampled at 5-second intervals for the variable.

Hearing test: To participate in the study, each participant was required to have at least a
valid third-class airman medical certificate and meet the audiometric testing requirements
(see Appendix A).
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Figure 1. The Flight Safety International. The Experimental Location.

The Experimental Task
The task required the participants to perform a straight and level flight using a
Cessnal82 within Microsoft Flight Simulator®. The flight simulator that was used
replicated the simple dynamics of flying an aircraft and it allowed the pilots to manually
control the aircraft by a yoke, rudder pedals and throttle.
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Apparatus
The instrument that was utilized in the research was the Microsoft Flight Simulator
2000®. The Microsoft Flight Simulator 2000® stimulates a cockpit instrument display of a
Cessna 182 aircraft. As shown in Figure 2, the flight instrument panels were configured in
the standard T ' layout. The speakers worked in conjunction with the simulator.
Additional instruments which were used in the study included the flight console with
rudder pedals and yokes, vibration /sound seat where the pilot was seated, and the speaker
for the cockpit noise (which was installed in the seat). The flight simulator software was
installed in a 667MHz PC with a G-400 card and a color monitor. The participant's flight
performance capability data was measured on the assessment recorder in the Microsoft
Flight Simulator 2000. The selected test battery was the straight and level flight basic
maneuver. Of all the different tests, only flight basic maneuvers skills test was utilized for
the study. The test, using the above apparatus, evaluated the flight maneuver skills during
the application of noise and no-noise. The test was of pilot job related performance. The
task performed involved the skill necessary to maintain a constant heading and altitude of
the aircraft by controlling the nose and wing positions with reference to the natural horizon
during the noise application. This was accomplished by having the participant fly a
straight and level flight maneuver with degree of turbulence (moderate intensity).
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Figure 2. Cessnal82 Flight Simulator Pilots Cockpit Instrument Panel with Yoke, Rudder,
Throttle, Mixture and Carburetor Heat.

Noise Source: The noise, which was manipulated for the study, was the aircraft cockpit
noise, which also was the engine noise. The sample of cockpit noise was generated through
signal source. The noise source was the cabin noise signal from the Microsoft Flight
Simulator 2000. The noise level was set with the aid of a calibrated sound pressure level
meter. For the simulation, the sounds were played at appropriate volume levels based on
the federal regulations for permissible noise exposure, which are analogous to the human
ear.
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Design
The experiment employed a 2x2 factorial design. There were two groups
(experimental and control). The participants were randomly assigned to one of the two sets
of conditions (quiet and noise group). The experimental group participants were exposed to
the noise while they performed a vertical and horizontal tracking simulated flight task and
the control group participants were not exposed to noise but performed the same simulated
flight tasks. The participant task performance, which was to maintain the heading and
altitude, was measured based on one windows of acceptability. The window of
acceptability was based on the incident of violation of pre-determined standards for
altitude and heading (±10° of 042° heading and ± 100ft of 6000ft altitude).

Independent Variables: The independent variables in the present study were the noise
intensity and duration. The conditions that were implemented in this study are noise type
and tracking task complexity. The one type of noise was cockpit noise. As illustrated in
Figures 3a and b, the noise-type was manipulated at two levels: 1) intensity and 2) duration
of exposure. The noise intensity was manipulated at four levels: 1) high 70 dBA, 2)
medium 60 dBA, 3) low 50 dBA and 4) no noise. The duration level was manipulated at
four levels: )1 15 minutes, 2) 30 minutes, 3) 45 minutes and 4) 60 minutes. Task
complexity was manipulated at two levels: 1) Vertical tracking task (altitude) and 2)
Horizontal tracking task (heading).
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Dependent Variables: The dependent variable was the pilot objective performance. As
illustrated in Figure 3c, the dependent measures were the number of vertical tracking errors
(altitude deviation) and number of horizontal tracking errors (heading deviation).
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Level 1

Level 2

Intensity

Duration of Exposure

Figure 3a. Noise Type

Tracking Task Complexity

Level 1
Vertical tracking task

Level 2
Horizontal tracking task

Figure 3b. Tracking Task Complexity

Dependent Variables

Number of
Vertical Tracking Error

Number of
Horizontal Tracking Error

Figure 3c. Dependent Measures
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The type of design, which was manipulated for the study, was the factorial design. The
reason for selection of this type of design is that it is the most common means by which
two or more independent variables can be manipulated in an experiment. In a factorial
design, the experiment includes every possible combination of the levels of the
independent variables, (Keppel 1973). The factorial design allowed the participants to
serve in only one of the treatment conditions.

Procedures
The experiment took place at the Flight Safety International simulator room.
Upon arriving, each participant read and signed an informed consent form (see Appendix
D). The researcher briefed the participants regarding the purpose of the study and what was
expected from each participant. Each participant was also given verbal instructions about
the simulator and the flight instruments. Each participant was given time to ask questions
regarding the experiment. The participants were given a pretest questionnaire requesting
background information such as experience, age, gender and currency (see Appendix E).
Only the test participants and the researcher were permitted in the testing area to minimize
distraction and any associated performance irregularities.
The computer system and other test devices were all arranged prior to provide
easier access. An amount of time was spent practicing with the equipment to insure that the
system would perform as expected and to obtain information about the potential
maneuvers for the test. The equipment-training scenario to familiarize the participants with
the flight simulator followed the verbal instruction. Once the training scenario was
completed, the participant then completed the experimental scenario.
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The noise used was generated from the Microsoft Simulator 2000®. The weighted
noise level was ± 1 dB(A) and the ambient noise was 45 dB(A). The cloud layer was set at
top 6500 feet mean sea level and bottom 5500 feet mean sea level and cloud coverage was
set at overcast 8/8. The barometer pressure was set at 29.92 in. Hg. The standard
temperature was at 59°F. The assigned takeoff airport was Daytona Beach International
Airport runway 7L with unlimited Visibility.
The participants were seated in a sound-isolated simulator and positioned so as to
look at the aircraft instrument panel and the visual display surmounted by an IBM 300PL®
computer. This display was connected to the Microsoft flight simulator 2000®. The
display system was connected to a PC, which controlled the experiment by generating and
presenting auditory (noise) and visual (tracking task) stimuli and recorded the participants'
performance responses.
The experiment was conducted for a period of 60 minutes straight with no breaks.
The participants were instructed to takeoff at a normal takeoff speed and the climb speed
was 90 knots. The participants were instructed to level off at 2000 feet mean sea level.
Once the participants leveled off at 2000 feet mean sea level, they were instructed to climb
to 6000 ft maintaining a climbing speed of 100 knots and a heading of 042°. Once the
participant had reached 6000 ft, they were instructed to maintain an altitude of 6000 feet
mean sea level, a heading of 042° and a cruising speed of 100 knots on a straight and level
flight. During the maneuver, the participants were flying in a mid-level cloud and
encountered unexpected moderate turbulence at 6000 feet mean sea level.
The participants' performance was recorded every five seconds with for a 60
minute task duration. At 14, 29 and 44 minutes into the mission, the participants were
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instructed to reduce the airspeed to 90 knots and maintain 90 knots. After 1 minute, the
participants were instructed to increase the airspeed to 110 knots and maintain the airspeed
till the end of the of 60 minutes task. All the experiments were conducted in the same noise
isolation room. Each of the participants was given a financial reward after completing the
task for participating in the experiment.

RESULTS
The two dependent variables, vertical and honzontal tracking error, were collected
for each scenano The two tracking task errors were collected from the start of each
scenano to the end of the sixty minutes duration (See Table 6 in Appendix I for each
participant root mean error)
The result of the two dependent vanables, vertical and honzontal tracking errors
was analyzed with repeated measures analysis of vanance conducted by the software
package Statistica® This repeated measure statistical design was used for the companson
of the performance among the control group and expenmental groups The test of
sphencity indicated that the root mean square values for the within-subject was significant,
(see Table 8)
Table 8 Mauchly's Test of Sphencity for 32 Participants (vertical tracking task)
Measure MEASURE 1
Mauchly's W

Approx
Chi-Square

df

Sig

Epsilon

Within
Greenhouse HuynhLowerSubjects
-Geisser
Feldt
bound
Effect
000
46 893
5
531
173
618
TIME
333
Tests the null hypothesis that the error covanance matrix of the orthonormalized transformed dependent
vanables is proportional to an identity matrix
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The test of withm-subjects effects indicated that there was no significant difference
between root means square errors (RMSE) across the four levels of exposure time (factor
A1-A4) (See Table 9 ) The mam effect of duration level was not significant, [F (3, 84) =
594, p> 05] This means that the number of vertical tracking task RMSE does not
significantly differ by duration Table 9 also indicated that the interaction was not
sigmficant [F (9, 84) = 1 340, p> 05] This means that the number of the RMSE by
duration level does not differ across noise intensity levels (see figure 4 and 5)

Table 9 Tests of Within-Subjects Effects for 32 participants (vertical tracking task)
Measure MEASURE 1
Type III Sum
Mean
Source
df
of Squares
Square
TIME
Sphericity
Assumed
3250 901
3 1083 634
Greenhous
e-Geisser
3250 901 1 592 2041 510
HuynhFeldt
3250 901 1 854 1753 556
Lowerbound
3250 901 1 000 3250 901
TIME* Sphericity
NOISE Assumed
20561 615
9 2284 624
Greenhous
e-Geisser
20561 615 4 777 4304 114
HuynhFeldt
20561 615 5 562 3697 020
Lowerbound
20561 615 3 000 6853 872
Sphericity
Error
84 1704 414
(TIME) Assumed
143170 802
Greenhous
e-Geisser 143170 802 44 587 3211 029
HuynhFeldt
143170 802 51 909 2758 114
Lowerbound
143170 802 28 000 5113 243
a Compute d using alp ha= 05

F

Sig

Noncent Observed
Eta
Squared Parameter Power

636

594

022

1 907

178

636

500

022

1 012

139

636

522

022

1 179

147

636

432

022

636

120

1 340 229

126

12 064

612

1 340 266

126

6 403

419

1 340 259

126

7 455

460

1 340 281

126

4 021

317
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Estimated Marginal Means of MEASURE_1

no noise pilot

low noise pilot

medium noise pilot

high noise pilot

NOISE

Figure 4. The Main Effect of Within-Subjects Test with 32 Participants (VTT)
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Figure 5. Interaction Between Noise Levels and Exposure Time with 32 Participants. VTT
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Post hoc comparisons indicated that there was no significant difference. However
the performance and RMSE remained the same throughout duration level 1 and 2. The
result also showed that pilots' vertical tracking task performance and RMSE increased at
duration level 3 but improved and also produced the best performance at duration level 4,
(see figure 6, Table 10 and 11).
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Figure 6. Pilot's performance and RMSE rates with 32 Participants (VTT)
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Table 10 Pilot's Performance Estimates with 32 Participants (VTT)
Measure MEASURE 1
Mean

Std Error

TIME
1
2
3
4

52
49
58
44

024
871
884
853

5816
6 299
13 806
3 538

95% Confidence
Interval
Lower
Upper
Bound
Bound
40 110 63 939
36 968 62 775
30 603 87 164
37 607 52 100

Table 11 Pairwise Comparisons
Measure MEASURE 1
Mean
Difference Std Error

d-J)
(l)TIME
1

(J) TIME

Sig

95% Confidence
Interval for Difference
Lower
Bound
-13 465
-32 825
-1 651
-17 771
-37 328
-7 289
-19 106
-19 303
-13 037
-15 993
-17 325
-41 098

Upper
Bound
17 771
19 106
15 993
13 465
19 303
17 325
32 825
37 328
41 098
1 651
7 289
13 037

2
2 153
7 625
780
-6 859
3
12 676
593
4
7 171
4 307
107
2
1
-2 153
7 625
780
520
-9 012
13 823
3
411
4
5018
6 008
1
593
6 859
12 676
3
9012
520
2
13 823
297
13214
4
14 030
107
-7 171
4 307
4
1
411
-5 018
6 008
2
297
13214
-14 030
3
Based on estimated marginal means
a Adjustment for multiple comparisons Least Significant Difference (equivalent to no adjustments)

The participants' performance was measured and recorded by the Professional
edition of Microsoft Flight Simulator 2000® The between-subject data were analyzed by
the SPSS statistical package on an IBM 300PL® personal computer The analysis of
vanance (ANOVA) was conducted to assess the effects of cockpit conditions (noise) upon
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psychomotor test scores (see Tables 12 and 15 for ANOVA results on the vertical and
horizontal tracking task).

Table 12. Tests of Between-Subjects Effects
Dependent Variable: PERALTITUDE (vertical tracking task)
Source

Type III
df Mean Square
Sum of
Squares
Corrected Model
37988.871 15
2532.591
Intercept
337970.450 1 337970.450
4740.767
NOISE
14222.302 3
DURATION
3247.415 3
1082.472
NOISE * DURATION 20519.155 9
2279.906
Error
247902.662 112
2213.417
623861.983 128
Total
Corrected Total
285891.533 127

F

Sig.

1.144 .327
152.692 .000
2.142 .099
.489 .691
1.030 .421

Eta
Noncent. Observed
Squared Parameter Power
.133
.577
.054
.013
.076

17.163
152.692
6.425
1.467
9.270

.693
1.000
.533
.147
.489

a Computed using alpha = .05
b R Squared = .133 (Adjusted R Squared = .017)

A two-way analysis of variance or factorial analysis was used to determine if there
was a significant main effect for the groups and duration (time) periods. Table 12 of the
ANOVA results showed the main effect (RMS) for each of the treatment conditions during
the vertical tracking task (altitude). Since the F observed (2.142) for noise intensity was
less than the F critical (2.70), (see Shavelson 1995, p.625), the main effect of noise
intensity on performance was not statistically significant, [F cm(3,l 12) = 2.70, P > .05].
Also since the F observed (.489) for duration level was less than the F critical (2.70), the
main effect of duration exposure level on performance was not statistically significant [F
cnt(3,l 12) = 2.70, P > .05]. The F critical value was obtained by alpha level of .05, with df
= 9, and df = 112 equal to 1.97. Since the F observed (1.030) was less than the F critical
(1.97), the noise intensity * exposure time was not statistically significant [F cnt(9,l 12) =
1.97,P>.05].
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Post hoc comparisons were used to determine mean differences. It was used to reveal if
group 1 (quiet or no-noise group), differs significantly from groups 2a, b and c (noise
group). The two-way analysis of variance was conducted to test the three hypotheses.
Hypotheses 1 stated, "As noise intensity increases, there will be a significant amount of
performance decrease in vertical and horizontal tracking task." Hypothesis 2 stated, "As
noise duration increases, there will be a significant amount of performance decreased in
vertical and horizontal tracking task." The final hypothesis stated, "There will be a
significant interaction between duration level and intensity level on vertical and horizontal
tracking task." The Post hoc analysis with the Bonferroni method for the noise intensity
indicated that the high noise intensity group differed significantly from the no and medium
noise intensity groups during the vertical tracking task. (See Tables 13 & 14 and Figure 7,
8, 9 & 10).
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Table 13. Estimated Marginal Means
Noise
Dependent Variable: PERALTIT
Pairwise Comparisons
Dependent Variable: PE RALTIT
Mean
Difference Std. Error
(l-J)
(I) NOISE

Sig.

95% Confidence
Interval for Difference
Lower
Bound
-31.498
-22.523

(J) NOISE

No noise

Upper
Bound
15.111
24.085

Low noise
-8.193
11.762
.488
Medium
.781
11.762
.947
noise
High noise
-25.421
11.762
.033
-48.725
-2.116
Low noise No noise
11.762
8.193
.488
-15.111
31.498
Medium
8.974
11.762
.447
-14.330
32.278
noise
-40.532
6.077
High noise
-17.228
11.762
.146
Medium
-.781
.947
-24.085
22.523
11.762
Non oise
noise
.447
Low noise
-8.974
11.762
-32.278
14.330
-2.897
-26.202
11.762
.028
-49.506
High noise
25.421
11.762
.033
2.116
48.725
High noise No noise
40.532
11.762
.146
-6.077
Low noise
17.228
.028
2.897
49.506
Medium
26.202
11.762
noise
Based on estimated marginal means
* The mean difference is significant at the .05 level.
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Table 14. Estimated Marginal Means
Duration
Dependent Variable: PERALTIT
Pairwise Comparisons
Dependent Variable: PERALTIT
Mean
Difference
(l-J)

Std.
Error

95%
Confidence
Sig.
Interval for
Difference
Lower Bound Upper Bound
25.364
.861
-21.245
.556
-30.258
16.351
-16.227
30.382
.549
-25.364
21.245
.861
-32.317
14.292
.445
.670
-18.287
28.322
.556
-16.351
30.258
-14.292
32.317
.445
-9.274
37.335
.235
-30.382
16.227
.549
-28.322
18.287
.670
9.274
-37.335
.235

(I) DURATION (J) DURATION
10-15 minutes 25-30 minutes
2.059 11.762
40-45 minutes
-6.953 11.762
55-60 minutes
7.077 11.762
25-30 minutes 10-15 minutes
-2.059 11.762
40-45 minutes
-9.012 11.762
55-60 minutes
5.018 11.762
40-45 minutes 10-15 minutes
6.953 11.762
25-30 minutes
9.012 11.762
55-60 minutes
14.030 11.762
-7.077 11.762
55-60 minutes 10-15 minutes
25-30 minutes
-5.018 11.762
40-45 minutes
-14.030 11.762
Based on estimated marginal means
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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The test of sphericity indicated that the root mean square values for the within-subject
analysis was not significant (see Table 15).

Table 15. Mauchly's Test of Sphericity for 32 Participants (horizontal tracking task)
Measure MEASURE 1
Mauchly's Approx.
df
Sig
Epsilon
W
Chi-Square
Within
LowerGreenhouse HuynhSubjects
-Geisser
Feldt
bound
Effect
.867
3.801
5
579
.907
1.000
333
Tests the null hypothesis that the error covanance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
a May be used to adjust the degrees of freedom for the averaged tests of significance Corrected tests are
displayed in the layers (by default) of the Tests of Within Subjects Effects table
b Design Intercept+NOISE Within Subjects Design. TIME

The test of within-subjects effects also indicated that there was a significant
difference between the horizontal tracking task root means square errors (RMSE) across
the four levels of exposure time (factor A1-A4). (See Table 16.) The main effect of time
(duration) level was significant [F (3,84) = 3.2, p<. 05]. This means that the number of
horizontal tracking task RMSE does significantly differ by duration level. Table 16 also
indicated that the interaction is not significant [F (9,84) = .459, p> .05]. This means that
the number of the RMSE by duration level does not differ across noise intensity levels (see
figure 11 and 12).
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Table 16. Tests of Within-Subjects Effects for 32 Participants (horizontal tracking task)
Measure: MEASURE 1
Source

Type III
Sum of
Squares

Sphericity
Assumed
Greenhous
e-Geisser
HuynhFeldt
Lowerbound
TIME* Sphericity
NOISE Assumed
Greenhous
e-Geisser
HuynhFeldt
Lowerbound
Error
Sphericity
(TIME) Assumed
Greenhous
e-Geisser
HuynhFeldt
Lowerbound
a Computed using alpha
TIME

Mean
Square

df

F

Sig.

Noncent. Observed
Eta
Squared Parameter Power

7.873

3

2.624

3.201

.027

.103

9.602

.720

7.873

2.720

2.894

3.201

.032

.103

8.707

.688

7.873

3.000

2.624

3.201

.027

.103

9.602

.720

7.873

1.000

7.873

3.201

.084

.103

3.201

.408

3.390

9

.377

.459

.898

.047

4.134

.212

3.390

8.161

.415

.459

.884

.047

3.749

.202

3.390

9.000

.377

.459

.898

.047

4.134

.212

3.390

3.000

1.130

.459

.713

.047

1.378

.131

68.870

84

.820

68.870 76.167

.904

68.870 84.000

.820

68.870 28.000
= .05

2.460
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Estimated Marginal Means of MEASURE_1

no noise pilot
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Figure 11. The Main Effect of Within-Subjects Test with 32 Participants (HTT)
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Figure 12. Interaction Between Noise Levels and Exposure time with 32 Participants HTT
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Post hoc comparison indicated that the pilot participants' root mean square errors
remained the same through the duration levels 2 to 4; however, there was a significant
increase in root mean square errors at duration level l(see figure 13, Table 17 and 18).

Estimated Marginal Means of MEASURE^

LU

3 1

TIME

Figure 13. Pilot's Performance and RMSE rates with 32 Participants (HTT)

Table 17. Pilot's Performance Estimates with 32 Participants (HTT)
Estimates
Measure. M EASURE 1
Mean

Std. Error

TIME

1

1
2
3
4

3 806
3.238
3.209
3.258

.360
.231
.259
.261

95% Confidence
Interval
Lower
Upper
Bound
Bound
3 069
4 543
2.765
3.710
2 678
3 740
2 723
3 793
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Table 18. Pairwise Comparisons (HTT)
Pairwise Comparisons
Measure: MEASURE 1
Mean
Difference Std. Error
(l-J)

Sig.

95% Confidence Interval for
Difference

(I) TIME
1

(J) TIME
Lower Bound Upper Bound
2
.569
7.647E-02
.240
.025
1.061
3
.597
.258
.028
6.822E-02
1.126
4
.548
.251
.037
3.413E-02
1.063
2
1
-.569
.240
-1.061 -7.647E-02
.025
3
2.812E-02
.199
-.379
.435
.888
4
-2.031 E-02
-.421
.380
.196
.918
1
3
.597
.258
-1.126 -6.822 E-02
.028
2
.199
.888
-.435
.379
-2.812E-02
.373
4
-4.844E-02
.206
.816
-.470
4
1
.037
.548
.251
-1.063 -3.413E-02
.421
2
2.031 E-02
.196
.918
-.380
.470
.206
.816
-.373
3
4.844E-02
Based on estimated marginal means
* The mean difference is significant at the .05 level.
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Table 19 of the ANOVA results indicates the main effect root mean square (RMS)
for each of the treatment conditions during the horizontal tracking task (heading). Since the
F observed (10.201) for noise intensity was greater than the F critical (2.70), (see
Shavelson 1995, p.625), the main effect of noise intensity on performance was statistically
significant [F crit(3,l 12) = 2.70, p < .05]. Since the F observed (1.031) for duration level
was also less than the F critical (2.70), the main effect of exposure level (duration) on
performance was not statistically significant [F crit(3,l 12) = 2.70, p > .05]. The F critical
value obtained by alpha level of .05, with df = 9 and df = 112, is equal to 1.97. Since the
F observed (.148) was less than the F critical (1.97), the noise intensity * duration level
was not statistically significant [F crit(9,l 12) = 1.97, p > .05] .The Post hoc analysis with
the Bonferroni method for noise indicated that all the groups differed significantly from
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one another except for medium and no noise and low and no noise groups dunng the
horizontal tracking task (See Tables 20 & 21 and Figure 14, 15, 16 &17)

Table 19 Tests of Between-Subjects Effects
Dependent Variable PERHEAD (horizontal tracking task)
Source
Corrected Model
Intercept
NOISE
DURATION
NOISE * DURATION
Error
Total
Corrected Total

Noncent
Type III
Mean
Observed
Eta
df
F
Sig
Power
Sum of Squares
Square
Squared Parameter
974
89 144 15
35 028
5 943 2 335 006
238
1 000
573 828
1460 363 1 1460 363 573 82 000
837
8
30 602
998
77 881 3 25 960 10 201 000
215
274
027
3 093
7 873 3
2 624 1 031 382
093
1 332
012
3 390 9
377
148 998
285 034 112
2 545
1834 541 128
374 178 127

a Computed using alpha = 05
b R Squared = 238 (Adjusted R Squared = 136)
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Table 20. Estimated Marginal Means
Noise
Pairwise Comparisons
Dependent Variable: PERHEAD
Mean
Difference Std. Error
(l-J)

Sig.

(1) NOISE (J) NOISE
No noise Low noise
Medium
noise
High noise
Low noise No noise
Medium
noise
High noise
Medium
noise

No noise

95% Confidence
Interval for Difference
Lower
Upper
Bound
Bound
-1.480
.101
.162
1.419

-.690
.628

.399
.399

.087
.118

-1.465
.690
1.318

.399
.399
.399

.000
.087
.001

-2.255
-.101
.528

-.674
1.480
2.108

-.775

.399

.054

-1.565

-.628

.399

.118

-1.419

1.522E02
.162

Low noise
-1.318
.399
.001
-2.108
.528
High noise
-2.093
.399
.000
-2.883
-1.303
.674
1.465
.399
.000
2.255
highnoise No noise
.054 -1.522E-02
Low noise
.775
.399
1.565
Medium
.000
1.303
2.883
2.093
.399
noise
Based on estimated marginal means
* The mean difference is significant at the .05 level.
a Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Figure 14. The Main Effect of Noise Intensity on HTT
Table 21 Estimated Marginal Means
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Duration
Pairwise Comparisons
Dependent Variable: PERHEAD
Mean Difference
Std. Error
(l-J)

Sig.

(1) DURATION (J) DURATION
10-15minutes

25-30minutes
.569
40-45minutes
.597
55-60minutes
.548
25-30minutes 10-15minutes
-.569
40-45minutes
2.812E-02
55-60minutes
-2.031 E-02
-.597
40-45minutes 10-15minutes
-2.812E-02
25-30minutes
-4.844E-02
55-60minutes
-.548
55-60minutes 10-15minutes
2.031 E-02
25-30minutes
4.844E-02
40-45minutes
Based on estimated marginal means
a Adjustment for multiple comparisons: Least Significant

.399
.399
.399
.399
.399
.399
.399
.399
.399
.399
.399
.399

.157
.137
.172
.157
.944
.959
.137
.944
.904
.172
.959
.904

95% Confidence
Interval for Difference
Lower
Upper
Bound
Bound
-.221
1.359
-.193
1.387
-.242
1.339
.221
-1.359
.762
.818
-.811
.770
-1.387
.193
.762
-.818
.742
-.839
.242
-1.339
-.770
.811
.742
.839

Difference (equivalent to no adjustments).
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Figure 16. Interaction Between Noise Intensity and Exposure Time (HTT)
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The analyses indicated that the duration level and noise intensity does make a
significant difference in the pilot performance RMSE rates in horizontal tracking tasks but
did not make a difference in the vertical tracking task. The pairwise comparisons clearly
indicated that the difference for noise could be found in the high noise intensity group for
both horizontal and vertical tracking tasks. The resulting analysis indicated in figure 4, 5,
11 and 12 that the pilots in the high noise intensity group have the most root mean square
errors while the pilots in medium noise intensity group have the least root mean square
errors. The analysis also indicated in figure 6 and 13 the significant difference in pilot
performance as the duration levels increases. Due to the type of result obtained from the
analysis, a "check analysis" was conducted to verify if there was a difference between the
results obtained from the use of 32 participants' data in comparison to when the evidence
of participant numbers 2, 22, 25 and 31 (outliers) were removed from the experimental
data. The results obtained from the vertical tracking task when the evidence of participants
number 2, 22, 25 and 31 were removed from the experimental data were as follows:

Removed number 2 participant from the vertical tracking task (altitude):
Observation and analysis: Since participant #2's data was part of the no-noise intensity
group data, there was a significant difference in the root mean square error as time
increased when participant #2 was removed. The root mean square error was reduced from
51.0688 to 42.8071 during duration level 1 and other duration levels. The interaction
between noise intensity and duration level on the vertical tracking task still remained the
same when participant #2 was removed (See Appendix I for plot). The vertical tracking

59

errors rates remained the same as time increased but there was a slight difference at
duration level 4 (See Appendix I for plot). There was a slight significant increase in
performance errors as the noise intensity level increased when the participant #2 was
removed. (See Appendix I for noise intensity). The result also showed that different levels
of noise intensity level made a significant difference in the root mean square error rates.

Removed number 22 participant from the vertical tracking task (altitude)
Observation and analysis: Since participant #22's data was part of the medium noise
intensity group data, there was a significant difference in the root mean square errors as
time increased when participant #22's data was removed. The root mean square error was
reduced from 55.9825 to 38.4343 for duration levell and other duration levels. The
interaction between noise intensity and duration level on the vertical tracking task still
remained the same but the participants in the medium noise intensity group were less
sensitive to noise when participant # 22's data was removed (See Appendix I for plot). The
vertical tracking errors remained the same as time increased when participant #22 's data
was removed (See Appendix I for plot). The performance errors remained the same as the
noise level increased and there was no significant difference when participant #22 was
removed (See Appendix I for noise intensity plot).

Removed number 25 participant from the vertical tracking task (altitude)
Observation and analysis: Since participant #25 was part of the high noise intensity group
data, there is a slight difference in the root mean square error as time increased when
participant #25 was removed. The root mean square errors are reduced from 53.8725 to
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48.7457 for duration level 1 and other duration levels. The interaction between noise
intensity and duration (time) on the vertical tracking task did not remain the same; there
was a significant interaction between high noise intensity levels and duration levels when
participant #25 was removed. The performance of the pilot participants in the high noise
intensity group improved gradually as the time increased but it was not quite the same for
the low noise intensity group. This result showed that as the duration increased the
participants in the low noise intensity group was more sensitive and less accurate (See
Appendix I for plot). The vertical tracking errors did not remain the same as time
increased. In fact, there was a significant difference when participant #25 was removed. It
showed that as the time increased there was a gradual increase in performance and also as
duration level increased the participants were more accurate and made fewer errors in the
vertical tracking tasks. The removal of participant #25 made a significant difference in the
effect of high noise intensity on performance as the time increased (See Appendix I for
time plot). The plot also showed that there was a habituation effect. It revealed that the
first time the participants were introduced to stimulus (noise), they were very sensitive (the
RMS errors increased), but as the time increased, the participants became less sensitive to
the stimulus (high noise). The performance errors did not remain the same as the noise
intensity level increased; in fact, the participants seemed to be more sensitive to noise as
the intensity level increased. There was a significant difference in the performance errors
when the participant #25 was removed. (See Appendix I for intensity graph).

61

Removed number 31 participant from the vertical tracking task (altitude)
Observation and analysis: Since participant #31 data was part of the high noise intensity
group data, there was no significant difference on the root mean square errors as time
increased when participant #31 was removed. The interaction between noise intensity and
duration level on the vertical tracking task remained the same when participant #31 data
was removed. (See Appendix I for plot). The vertical tracking errors were significantly
different as time increased when participant #31 data was removed. The graph also shows
that the participants in the high noise intensity group made fewer errors as the time
increased when participant #31 was removed. The performance errors remained the same
as the noise level increased (See appendix I for intensity graph).

The result of the repeated measures analysis showed that there was no significant
difference when participants # 2, 22 and 31 were removed from the group data; however,
there was a significant difference in the high noise intensity group data when participant
#25's data was removed from the group data.

Removed participants #2, 22, 25 and 31 from horizontal tracking task (heading).
Observation and analysis: When the evidence of participant numbers 2, 22 and 25 were
removed from the experimental data there was no significant difference in the root mean
square error as the time increased. However, there was a slight difference in the root mean
square errors when evidence of participant number 31 was removed from the experimental
data. The interaction between noise intensity and duration level on the horizontal tracking
remained the same when the evidence of participants 2, 22 and 25 were each removed from
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the experimental data. However, there was a slight interaction between high noise intensity
level and duration level when the evidence of participant #31 was removed from the
experimental data (See Appendix I for plot). The vertical tracking errors remained the
same as time increased when the evidence of participants #2, 22 and 25 were removed
from the experimental data. However, there was a slight increase in performance when the
evidence of participant #31 data was removed from the experimental data (See Appendix I
for plot). The performance errors remained the same as the noise intensity level increased
and there was no significant difference when the evidence of participants #2, 22, 25 and 31
were removed (See Appendix I noise intensity graph).

A repeated measures analysis was also conducted to observe the root mean square
error rates of the pilot performance when participant numbers 25 and 31, participant
numbers 25, 31 and 22 and participants 25, 31, 22 and 2 were removed at the same time.
The result of the repeated measure analysis indicated that the pilot performance RMS error
rates did not remain the same at duration level 1 through level 4 in comparison to the
experimental data of 32 participants. The result indicated that pilot RMSE rates was
extremely high at duration level 1 and improved consistently at duration level 2 through 4.
This change in reaction occurred when participant numbers 25 and 31, 25, 31 and 22 and
participant 25, 31, 22 and 2 were removed from the experimental data (see appendix I).
The result indicated that the effect of noise on pilot performance with 32 pilots was less
consistent as the duration level increased. It also indicated that the effect of noise on
performance remained consistent when the evidence of participants 25, 32, 22 and 2 were
removed from the experimental data. The analysis was repeated several times to reach the
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limitation where the pilot performance rates would remain consistent through the duration
task. The consistency was found when the evidence of participant numbers 25, 31 and 22
were removed at the same time from the experimental data of 32 participants. However, at
that limitation, the observation was discontinued since the performance consistency was
found.

DISCUSSION
Three hypotheses were tested. The first hypothesis was that greater decrements in
performance as a result of increased noise intensity would occur in the vertical and
horizontal tracking task. This hypothesis was supported by the present study during
horizontal tracking task. However, there was an unexpected finding between the control
group and the experimental group. The medium noise intensity participants in the
experimental group performed as well as the control groups (no-noise group) during the
vertical and horizontal tracking task. However as the pairwise comparisons indicated that
the high intensity participants performed less accurately in both vertical and horizontal
tracking task
The second hypothesis indicated that greater decrements in performance as a result
of the increased exposure time would occur in the vertical and horizontal tracking task.
This hypothesis was also supported in this research but only in the horizontal tracking task.
However, the participants' performance on both the control and experimental group
improved at duration level 4, (55-60 minutes) during the vertical tracking task and
improved at duration level 2 and remained constant in the horizontal tracking task.
The final hypothesis tested in this study stated that a significant interaction would
occur between noise intensity and duration level on vertical and horizontal tracking tasks.
This hypothesis was not statistically supported in this research.
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The result of this study has indicated an effect of noise on pilot psychomotor
performance during vertical and horizontal tracking tasks. The results obtained from the
high noise intensity pilot participants indicated an increase in sensitivity to noise. It also
indicated that noise does have an impact on pilot participants' skills necessary to maintain
a constant heading and altitude of an aircraft, which therefore reduced the pilots' ability to
maintain accuracy. However, this study also indicated an unexpected finding on the
medium noise intensity pilot participants. The participants in this group were able to
maintain accuracy during the entire task duration. The participants in the medium noise
group also made fewer root mean square errors on the vertical and horizontal tracking task
in comparison to participants in the other experimental group. In addition, the pilots in the
medium noise intensity group performed as well as the control group participants during
the vertical and horizontal tracking task.

CONCLUSION AND RECOMMENDATION
In summary, three hypotheses were tested statistically. One hypothesis refers to the
main effect for the first variable, which was the noise intensity, another to the main effect
for the second variable, which was the duration level and the third to the effect of certain
levels of one variable paired with certain levels of the other variable. The result of this
study, in comparison to prior investigations as reviewed in the literature section indicated
several interesting trends. First, the study conducted by (Eschenbrenner 1971) which
measured the tracking task performance, found that continuous regular periodic and
aperiodic noise all reduce performance time on a complex visual tracking task as compared
with the performance time of the control group. This research and result also supported
Broadbent (1957) emphasis on implementing major conditions necessary in producing an
effect of noise on performance. Broadbent's emphasis indicated that if certain conditions
are met, the impact of noise on human performance could be demonstrated. During this
experiment, all the major conditions were met, and an adverse effect of noise was
demonstrated in the experimental group during the application of high noise intensity
through out the entire task duration.
In conclusion, this experiment was conducted due to the fact that many studies on
the effect of noise on human performance have been limited to laboratory settings and
many of the findings were inconclusive. Of the experiments that were found to be
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conclusive, the element of realism was minimal or nonexistent; therefore, the present
research was needed to discover if simulated aircraft laboratory findings on the effects of
noise were an acceptable predictor of pilot performance in more realistic conditions that
are more typical of what pilots will encounter while operating an aircraft. In this study, the
necessary practical conditions were met to discover if there is a relationship between the
results of the effect of noise on human performance in the laboratory to that in actual
flight. One of the practical processes used in this research was to replicate laboratory
experiments in simulated flight environment scenarios due to the evidence that flight
simulators create meaningful environments for aircraft pilots.
The method in this research was used to confirm or refute the effects of noise on
pilot performance in the cockpit. The results in the present study have confirmed that noise
does have effect on pilot performance in the cockpit during a vertical and horizontal
tracking task. In fact, the results of this research were quite interesting, since the
participants in the low and high noise intensity condition produced more root mean square
errors and were more sensitive than the medium noise intensity participants during the task
scenarios. It was expected that the performance of the pilots in the low noise intensity
group would be better than the pilots in the medium noise intensity group as the duration
increased; however, the result was different since the medium noise pilots performed better
than the pilots in the low noise group. The obtained results from the pilots in the medium
noise intensity group were surprising since the participants in this group were able to
maintain a good straight and level flight under the moderate turbulence conditions through
out the sixty minutes of the task. However, this result indicated several interesting trends
with the past researchers. First, the study conducted by (Ross and Mundt 1986) on the
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effect of low blood alcohol level on pilot performance. The study by Ross and Mundt
investigated pilots and non-pilots performance on a simulator task that involved the
participants maintaining moderate turbulence condition while monitoring three displays for
sihouette target aircraft that appeared at inegular intervals. Participants were 32 males,
sixteen had experience and sixteen had no flying experience. The participants were tested
on simulator flying tasks after attaining a .04% blood alcohol concentration and after
ingestion. The primary purpose of the study was to examine the possibility that the effects
of such factors as the difficulty level of the task and the nature and predictability of
additional attention demands. The secondary purpose of the study were to determine if
explicit knowledge of whether or not alcohol had been ingested was a factor that would
interact with alcohols effects, and whether pilots and non-pilots would differ with respect
to the degree to which a low BAC would affect a simple piloting task. The results obtain
from Ross and Mundt research did not support its expectation. It was expected that after
alcohol ingestion pilots might take longer to respond, but when they did respond it would
be vigorously, perhaps in a manner that could overstress an actual aircraft. What was found
in examining a number of records was a series of control inputs that individually were
insufficient in amplitude to result in recovery. The result indicated that the non-pilots were
able to maintain surprisingly good straight and level flight under both low and moderate
turbulence conditions. The result of the study indicated also that the effects of alcohol were
less consistent for pilots than for non-pilots.
The result on the present study and the unexpected finding on the vertical and
horizontal tracking task indicated an interesting effect of noise on pilot performance, the
greatest effect was found when the pilots were in the vertical tracking task rather than in
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the horizontal tracking task. During the vertical tracking task, the pilots lost a significant
amount of altitude and gained significantly in heading. The same finding was also noticed
on the study conducted by (Ross and Mundt 1986) where alcohol effects were found when
ususual attitudes occurred during flight while the pilots were engaged in other tasks. The
pilots lost, in the case of banked descent, or gained, in the case of a banked climb,
significantly more altitude with than without alcohol. However, the unexpected findings in
the study of the effect of noise on pilot performance has resulted in a conclusion that
aircraft pilots' tend to perform more accurately in a medium noise cockpit environment
than in a stressful environment such as the high noise intensity cockpit environment. This
result also indicated that aircraft pilot performance could easily deteriorate if the pilots'
mental awareness is not constantly active due to the application of low noise intensity in
the cockpit, which can lead to boredom or pilot ercor during a flight. Therefore, due to the
interesting finding in this study, further research should be conducted to determine if
aircraft pilots could maintain their performance during the application of medium noise
intensity in a long duration flight.
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Medical Standards and Certification

FAR 67

FIRST-CLASS AIRMAN MEDICAL CERTIFICATE

67.101
ELIGIBILITY
To be eligible for a first-class airman medical certificate, and to remain eligible for a
first-class airman medical Certificate, a person must meet the requirements of this
subpart.

67.103
EYE
Eye standards for a first-class airman medical certificate are:
(a) Distant visual acuity of 20/20 or better in each eye separately, with or without
corrective lenses. If corrective lenses (spectacles or contact lenses) are necessary for
20/20 vision, the person may be eligible only on the condition that corrective lenses
are worn while exercising the privileges of an airman certificate.
(b) Near vision of 20/40 or better, Snellen equivalent, at 16 inches in each eye separately,
with or without corrective lenses. If age 50 or older, near vision of 20/40 or better,
Snellen equivalent, at both 16 inches and 32 inches in each eye separately, with or
without corrective lenses.
(c) Ability to perceive those colors necessary for the safe performance of airman duties.
(d) Normal fields of vision.
(e) No acute or chronic pathological condition of either eye or adnexa that interferes with
the proper function of an eye, that may reasonably be expected to progress to that
degree, or that may reasonably be expected to be aggravated by flying.
(f) Bifoveal fixation and vergence-phoria relationship sufficient to prevent a break in
fusion under conditions that may reasonably be expected to occur in performing
airman duties. Tests for the factors named in this paragraph are not required except
for persons found to have more than 1 prism diopter of hyperphoria, 6 prism
diopters of esophoria, or 6 prism diopters of exophoria. If any of these values are
exceeded, the Federal Air Surgeon may require the person to be examined by a
qualified eye specialist to determine if there is bifoveal fixation and an adequate
vergence-phoria relationship. How ever, if otherwise eligible, the person is issued a
medical certificate pending the results of the examination.

67.105
EAR, NOSE, THROAT, AND EQUILIBRIUM
Ear, nose, throat, and equilibrium standards for a first-class airman medical certificate are:
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(a)

(b)

(c)

The person shall demonstrate acceptable hearing by at least one of the following
tests:
(1) Demonstrate an ability to hear an average conversational voice in a quiet room,
using both ears, at a distance of 6 feet from the examiner, with the back turned
to the examiner.
(2) Demonstrate an acceptable understanding of speech as determined by audio b
metric speech discrimination testing to a score of at least 70 percent obtained
in one ear or in a sound field environment.
(3) Provide acceptable results of pure tone audiometric testing of unaided hearing
acuity according to the following table of worst acceptable thresholds, using the
calibration standards of the American National Standards Institute, 1969 (11
West 42d Street, New York, NY 10036):
Frequency (Hz)

500 Hz

1000 Hz

2000 Hz

3000 Hz

Better ear (dB)

35

30

30

40

Poorer ear (dB)

35

50

50

60

No disease or condition of the middle or internal ear, nose, oral cavity, pharynx, or
larynx that:
(1)
Interferes with, or is aggravated by, flying or may reasonably be expected to
do so; or
(2)
Interferes with, or may reasonably be expected to interfere with, clear and
effective speech communication.
No disease or condition manifested by, or that may reasonably be expected to be
manifested by, vertigo or a disturbance of equilibrium.

SECOND-CLASS AIRMAN MEDICAL CERTIFICATE
67.201
ELIGIBILITY
To be eligible for a second-class airman medical certificate, and to remain eligible for a
second-class airman medical certificate, a person must meet the requirements of this
subpart.
67.203
EYE
Eye standards for a second-class airman medical certificate are:
(a) Distant visual acuity of 20/20 or better in each eye separately, with or without
corrective lenses. If corrective lenses (spectacles or contact lenses) are necessary for
20/20 vision, the person may be eligible only on the condition that corrective lenses
are worn while exercising the privileges of an airman certificate.
(b) Near vision of 20/40 or better, Snellen equivalent at 16 inches in each eye separately,
with or without corrective lenses. If age 50 or older, near vision of 20/40 or better,

77

(c)
(d)
(e)

(f)

Snellen equivalent, at both 16 inches and 32 inches in each eye separately, with or
without corrective lenses.
Ability to perceive those colors necessary for the safe performance of airman duties.
Normal fields of vision.
No acute or chronic pathological condition of either eye or adnexa that interferes with
the proper function of an eye, that may reasonably be expected to progress to that
degree, or that may reasonably be expected to be aggravated by flying.
Bifoveal fixation and vergence-phoria relationship sufficient to prevent a break in
fusion under conditions that may reasonably be expected to occur in performing
airman duties. Tests for the factors named in this paragraph are not required except
for persons found to have more than I prism diopter of hyperphoria, 6 prism diopters
of esophoria, or 6 prism diopters of exophoria. If any of these values are exceeded,
the Federal Air Surgeon may require the person to be examined by a qualified eye
specialist to determine if there is bifoveal fixation and an adequate vergence-phoria
relationship. However, if otherwise eligible, the person is issued a medical certificate
pending the results of the examination.

67.205 EAR, NOSE, THROAT, AND EQUILIBRIUM
Ear, nose, throat, and equilibrium standards for a second-class airman medical certificate
are:
(a) The person shall demonstrate acceptable hearing by at least one of the following tests:
(1) Demonstrate an ability-to hear an average conversational voice in a quiet room,
using both ears, at a distance of 6 feet from the examiner, with the back turned to
the examiner.
(2) Demonstrate an acceptable understanding of speech as determined by audiometric
speech discrimination testing to a score of at least 70 percent obtained in one ear
or in a sound field environment.
(3) Provide acceptable results of pure tone audiometric testing of unaided hearing
acuity according to the following table of worst acceptable thresholds, using the
calibration standards of the American National Standards Institute, 1969 (11 West
42d Street, New York, NY 10036):

(b)

(c)

Frequency (Hz)

500 Hz

1000 Hz

2000 Hz

3000 Hz

Better ear (dB)

35

30

30

40

Poorer ear (dB)

35

50

50

60

No disease Or condition of the middle or internal ear, nose, oral cavity, pharynx, or
larynx that:
(1) Interferes with, or is aggravated by, flying or may reasonably be expected to do
so; or
(2) Interferes with, or may reasonably be expected to interfere with, clear and
effective speech communication.
No disease or condition manifested by, or that may reasonably be expected to be
manifested by, vertigo or a disturbance of equilibrium.
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Table 4. Studies Of The Effect Of Noise On Human Performance

Researcher Experiment
measured
Kallman &
Isaac (1977)

Gawron
(1982)

Tactile
sensitivity
The effect of
ambient sensory
conditions on a
behavioral
measure of
arousal in
humans
Noise intensity
and task
complexity

Participant task

Press the push-button as soon
as they feel the tactile
simulator tap your finger

•
•
•
•

Tracking task, keyboard
task
Immediate digit
canceling
Delayed digit canceling
Classifying task

The findings

Significant main effects for noise
Significant effect of illumination in
the quiet
No significant illumination effect in
the noise condition

Five hypothesis were tested
•
For delayed digit, canceling the
group that was told that noise
facilitates performance did have the
best performance in the presence of
the loudest noise
•
The second hypothesis was that
greater decrements as a result of
noise would occur in dual-task
rather than in single-task
performances A significant
interaction between noise and task
complexity was found in delayed
digit canceling
•
The third hypothesis was that noise
is a distract or to which subjects
habituate over time The opposite
effect was found Performance
during the second half of the
delayed digit canceling trials was
significantly worse than first-half
performance
•
The fourth hypothesis stated that
performance in the presence of noise
should be a function of intensity
For tracking and perhaps for
percentage-correct scores on
delayed digit canceling there was a
facilitation of performance
associated with increasing noise
intensity
The final hypothesis tested in this study
was that greater decrements in
performance would occur at higher noise
intensities This hypothesis was not
supported by the present study The
finding indicated that there were in fact,
increased in noise intensity associated
with facilitation rather than deliberation
of performance

Was the
experiment
meaningful
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Blackwell and
Belt (1971)

Broadbent
(1957)

Vigilance
behavior
Vigilance
performance

•

Reaction to
distractor
(stimulus)
Visual sensitivity
Performance
efficiency

•
•

•

•

Monitor a visual display
to detect a period signal
against a background of
regularly occurring
events

•
•

Serial reaction task
•
The participants were told
that when a particular
light was on, a particular
contact was to be touched
with a stylus
The participants were told
•
to keep on touching the
indicated discs without
making any mistakes
Matching sound loudness
task
•

Wernstem
(19574)

Dyre&
Andersen
'(1990)

Noise levels on
an intellectually
challenging task
To measure the
length of time
spent on each
line
Proofreading
speed and
accuracy of the
noise and quiet
groups

•

Spatial
orientation
sensitivity to
noise in visual
field

•

Proofreading and
comprehension tasks in a
noise and quiet condition

•

•

•

Carter and Beh The percentage of •
correct responses,
(1987)
proportion of
responses in each
response category
(certain signal,
uncertain signal,
don't know,
uncertain no
signal, certain no
signal)

•
Participant were
instructed to stand as still
as possible while fixating
their gaze on red LED
located at the center of the
display
•
Visual vigilance task

•

A significant decrement over time
for both misses and false alarms
No significant difference were
found for the three intensity levels
for either misses or false alarms nor
were there significant interactions
between noise levels and time-ontask
Experiment 1 shows that a high
frequency high intensity noise has a
more adverse effect on performance
than a low frequency high intensity
noise, but that the difference of
frequency has no effect at low
intensities
In experiment 2, the difference
between low frequency and high
frequency noise on the first response
was quite insignificant in the 100 dB
groups, but easily significant in the
75 dB group
Thus at low intensity the low
frequency noise gave a slow
response compared with the high
frequency one However, the
difference disappeared at high
intensities
There were no significant
differences between the two groups
on the first control passage for any
dependent variable
Accuracy was measured in terms of
the proportion of contextual error
lines or non-contextual error lines,
which were incorrect
The result shows that the effect of
noise on contextual errors was
significantly greater than the effect
on non-contextual errors
Participant exhibited no increase in
postural sway at the display
frequencies

Measures of response bias and
response certainty were not
significantly affected by the
presentation of noise
Vanation in the level of
predictability of the noise affected
only the accuracy of response
measure during the final quarter of
the vigilance task, with the group
receiving the least predictable noise
performing significantly worse than
three groups

NO

NO

NO

NO

NO
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H a m s (1972)

The amount of
correct locations
of the two digit
numbers

Koelegg
(1986)

The amount of
correct detection

Becker,
Warm,
Dember,
Spamall &
DeRonde
(1992)
Eschenbrenner
(1971)

Smith and
Broadbent
(1980)

The mean number •
completed on the
two expenments

•

The percentage of •
correct
•
defections
•

Signal detection task
Visual vigilance task
Monitoring task

•

The amount of
time per 40seconds trial that
image motion
was held at or
below 40 microradians per
second

The participant, while
seated in the crew station
viewed the simulated
earth movement relative
to a reticle in the
telescope, and used the
hand controller to
compensate for the
perceived image motion
Each participant carried
out an embedded figure
task in noise and quiet
conditions

•

Noise produce significant decrement
in image motion compensation
performance, and that the magnitude
of this decrement vanes as a
function of the temporal pattern of
the noise and the intensity level of
the noise

NO

•

The two experiment aims was to see
whether noise would aid
performance on them and to see
whether any noise effects were
generated or dependent on certain
features of the task
Neither experiment showed any
effect of noise on performance
There was no effect of noise level
on subjects' adjustments in the first
two experiments
In the third experiment, participant
were more likely to report the
presence of glides in the noise when
none occurred (false positives) when
noise was shorter or of greater
relative level and when glides were
present adjacent to the noise

NO

•
•

•

•

•
•
Kluender and Means and
Jenison (1992) standard errors
for adjustments of
intervening noise
intensity and
glide slope
Means and
standard errors
for adjustments
relative to
•
accurate
extrapolation
Measure the
phenomenal
experience of
continuity
through the noise

•
The participant task was
to adjust the onset
frequency of a same-slope
postnoise glide so that,
•
together with the prenoise
glide and noise, the
complex sounded as
"smooth and continuous'
as possible
Signal detection task

Both noise groups produced
approximately the same results
Both groups found significantly
fewer numbers on the task than the
control group on the last two days of
testing
The convectional data analysis
revealed no effect of noise on
vigilance performance, but the
detailed analysis revealed that
intermittent noise does in fact affect
vigilance performance
The finding reveals that noise had a
degrading effect upon overall signal
In addition, the analysis revealed
that knowledge of result (KR)
enhanced the overall level of signal
detection

NO

Serial search task with
special condition related
to type of task, length of
testing and intensity of
noise exposure
Number finding task
Visual vigilance task

•

NO

NO

NO

i

1

i

t
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Hockey(1973) The degree of
•
selectivity
•
The percentage of
sampling
•
responses

Jenson(1959)

The average
percentage of
correct responses
The average age
time between
participants'
responses dunng
successive half
hours of the
expenment and
control session

•
•

Monitonng task
Pressing appropriate
sampling button
Detecting and correcting
task

•

Monitoring task and
pressing button task
Number counting task
pressing a telegraph key

•

•

•

•

Culbert and
Posner(1960)

The mean
difference
between the two
noises

•

•
Arnould and
Voorhees
(1980)

The amount of
errors and
unheard
responses
The average
number of
failures within
each of the
experimental
conditions

•

Listening to the standard
noise, then adjust the
intensity of the
companson noise until it
sounds as acceptable to
the participants as the
standard
Reading of airplane
instruments
Audiovisual task The
participant watched a
series of color slide
presented for 8 second
each Their task was to
push one of the switches
marked "right", "wrong"
or "unheard"

There were main effect of noise on
the degree of selectivity for each
level of pacing and noise, over the
eight task periods
Sampling rate for the unpaced
condition, there was an increase in
sampling rate in successive 4minutes For experiment II, the
finding shows significant effects of
sleep loss in selectivity
In expenment 1, participant in
subgroup QN showed no change in
performance during successive half
hours of the second (quiet
throughout) session In the third
session, when the noise level was
raised to 111 5 dB after the first half
hour, a small decrement appeared
Participants in subgroup NQ showed
a steady decrement from their high
performance level of the first half
hour in their second (experimental)
session after the noise level was
raised In the third (control) session
in quiet group repeated the pattern
showing a drop in performance of
about 20%
In the second experiment, a
significant difference was found
between time judgment as measured
m this expenment when the
comparison was between judgments
in noise and judgments in quiet

NO

NO

•

The result indicated the group of 28
participants showed a significant
increase in tolerance for the setengine noise (in comparison to
propeller noise) after two senes of
exposure trials week for three
weeks

NO

•

More failures occurred in the
presence of airplane noise than in
helicopter noise, and there were
more failures for the 91 4 minutes
flights than for the 274 3 minutes
flights
The correlation between mean noise
intensity and the number of failures
was high

NO

•
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Toplyn (1991) Total number of
responses and
total number of
unique responses

Clevenson and Percentage of
words heard
Leatherwood
correctly The
(1979)
mean of an
individual's
annoyance
responses

Boggs and
Simon (1968)

•
•

•

Enors on the
•
reaction Time
task and errors on
the digit task

•

Stave (1977)

Deviation from
•
desired flight path
and altitude
•
RMS errors off
course
The number of
degrees off
course
Flight
performance and
feelings of
fatigue

Creative task
Two verbal tasks and two
visual tasks The verbal
test required participants
to name possible uses for
common objects are
similar, respectively The
visual tasks required the
participants to name
different things that
abstract patterns and lines
might represent
Listening task The
participants were asked to
listen for and record PB
words presented along
with the interior noise of
the stimuli and to provide
annoyance ratings of each
noise stimulus using the
nine point unipolar scale
The listening task
required the participants
to listen to and record
phonetically balance
words presented within
the various noise
environments
Reaction-time task in
which participants, after
being alerted by a green
waning light, responded
as rapidly as possible to
the onset of one of four
red stimulus lights by
pressing the appropriate
one of the four switches
The participants were
instructed to listen for odd
event odd sequences of
digits, and to respond
immediately by saying
"yes" whenever such a
sequence was detected
Control and navigation
task
Participants were to fly a
route for a period of
hours

No significant effect was found for
the effect of noise on creativity task
performance for either total or
unique scores
No interaction effect was obtained
for total scores A significant
interaction effect was obtained for
unique scores

NO

•

Listening task performance
decreased as the background noise
increased For all spectral
conditions, significant differences in
annoyance responses for the
listening task and reverse conditions
were found

NO

•

On the primary task, there was no
significant effect of noise on RT
On the secondary task, the mam
effect of noise was significant and
there was a significant main effect
of complexity
The introduction of noise produced
a greater increase in errors under the
complex task condition than under
the simple task condition

NO

Despite reports of extreme fatigue
on these long flights, participant
performance did not degrade

NO

•

•

•

•

•
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Wheate and
O'Shea(1982)

Errors, misses
•
and the number of
heartbeats

Participants task was to
indicate, using the fourdigit keyboard, the digit
that appeared in the row
location conesponding to
the column location
indicated by the inverse
symbol

•

The response
distributions of
different age
groups
Measuring for
accuracy

•

•

•

•

•

Carter (1996)

Response time
Measured the
degree of
automatized
responding

•
•

A continuous
acceleration-controlled
tracking task A horizontal
axis and vertical axistracking task
The participants were told
to maintain a laterally
moving cursor on a
stationary reference cross
located at the center of the
screen
The second task was
performed with left hand
and the cursor was moved
vertically
The third task, the
participants were to
decide whether the target
was the left or right wing
as quickly as possible
The next task, the
participants were to press
a button and were
encourage achieving
100% accuracy while
responding as rapidly as
possible
Visual search task
The task required
participants to search for a
word from a target
category against a
background of words
from non-target or
"distractor' categories

NO

quiet

•

•

•

Tsang,
Vidulich
(1987)

There was no significant difference
in performance when the task was
completed in noise as opposed to

•

•

•

•

The presence of intense noise dunng
the performance of the task had no
significant effect upon heart rate
The participants who scored above
the mean on the E scale made
significantly more enors and
significantly more enors plus miss
than those participants who scored
below average
In addition, participants who
exceeded the mean on the N scale
had significantly more misses than
those who scored below average
The result indicated that younger
participants had better task
management than older participants
Pilots time-shared more efficiently
and had better task management
than non-pilots
Significant age effects were
observed a cross all single task
performance measures and all dual
task decrements measures except for
the dual memory RT decrement

Noise effect annoyance ratings
differentially for the two training
conditions

NO

NO

APPENDIX C
SAMPLING SIZES

POWER ANALYSIS
Determining the sample size for a factor or effect in a design is important because of the
need to specify all of the treatment means in order to calculate the non-centrality parameter
of the F-distribution, on which power depends. Since the sample size is an important factor
influencing power, a method for estimating the needed sample size for this study is
necessary. In estimating the size of a sample needed for this study, there are a number of
factors to be taken into consideration: the probability of a Type I error (a), the probability
of a Type II error (|3 or, alternatively, power, which is 1-P), and the size of the difference
between means to be detected in the study, expressed in standard deviation (a) units,
Shavelson (1995). For this study, sample size will be determine by setting a at .05 to
assure that the probability of a Type I error is minimized and p will be set at .20 to assure a
reasonable probability of detecting a difference and a power of 1-P = .80. This study will
use a one-tail test because it is easiest to understand.

Effect Size
Effect size (delta) is specified by the difference between the largest mean and the smallest
mean, in units of the within-cell
Standard deviation (sigma = the square root of the MSE):
largest mean smallest mean
Delta =
Sigma
86
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|-li=population mean of group 1 (no-noise) - JLL2 = population mean of group 2 (noise)
Population standard deviation

Determining Sample Size
This study will conduct a one-tail statistical test at
The confidence of intervals (at the 90% probability level)
Given 1 a ' = 0.90
a = 1 exp [In (l-a')/k] it is possible to compute
a = 1 - exp (In 0.90/2)
a = l - e x p (-0.1054/2)
a - 1 - 0.9487
a = 0.0513
With a = .05 and
Ai = .50 (1/5 of a standard deviation)
Power 1-p = .80.
From Table M in Shavelson (1995), N will be
The Sample Size needed for this study = 32
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Embry-Riddle Aeronautical University
Generic Participant Consent Form

Date
The purpose of this research is to examine the effect of noise on pilot
performance vertical and horizontal tracking task.
When I, sign this consent form, I am giving my informed consent to the
following basic considerations:
I understand clearly the procedures to be done, including any that might be
experimental. Approximately 60 minutes flight tracking task.
I understand clearly any discomforts and/or risk that might be associated
with research project; feeling more fatigue. I understand clearly any benefits
anticipated from this research project; the benefits which I expect from my
participation are experience with using advance-tech flight simulator and financial
or lunch rewards.
I have been informed about other suitable procedures that would be of
advantage to me.
I understand that provisions have been made to protect my privacy and to
maintain the confidentiality of data acquired through this research project.
The project director has offered to answer any questions about the
procedures. She can be reach at 212-8702, advisors name Dr. John Wise at 2266384.
I understand clearly that I may withdraw at any time from this research
project without penalty or loss of benefits to which I am otherwise entitled.
I am not involved in any agreement for this project, whether written or oral,
which includes language that clears the institution from liability for negligence, if
any, which may arise in the conduct of the research project.
I understand that if I am injured as a result of biomedical and behavioral
research procedures, medical treatment is available for such injury, in an amount
not to exceed $500. I also understand that no monetary compensation is available
for wages lost because of such injury. Further information can be obtained by
contacting the Associate provost for Research, Embry-Riddle Aeronautical
University, (904)226-6190.
I, the person signing below, understand the above explanations. On this
basis I consent to participate voluntarily in the study of the effect of cockpit noise
on aircraft pilot psychomotor performance.

Signature of participant giving consent

Signature of Researcher

APPENDIX E
BACKGROUND QUESTIONNAIRE

PRETEST QUESTIONNAIRE REQUESTING BACKGROUND
INFORMATION

1.

What is your pilot experience level

Hrs

2.

Age:

3.

Gender: Male [ ], Female [ ]

4.

Currency: Private rating [ ], Instrument rating [ ], Commercial [ ],
CFI[ ] CFH[ ]

5.

Hearing Test: 3 rd class airman medical certificate [ ]
2nd class airman medical certificate [ ]
1st class airman medical certificate [ ]

7.

Will you be willing to provide to the researcher any of the above airman medical
certificates which you possess, during the experiment instruction session?
Yes [ ],

No [ ]
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APPENDIX F
DEFINITION OF TERMS

DEFINITION OF TERMS
Cockpit noise: for the purpose of this paper, cockpit noise is the mixture of noise created
by wind, engine and propeller.
Pilot performance: for the purpose of this paper, pilot performance is defined as
horizontal and vertical tracking error on a flight simulator navigational tracking task.
(Further defined of the performance measures in the review of literature section).
Type of task: Straight and level flight
The Dependent variable: For the purpose of this paper the dependent measures will be
the number of vertical tracking error and number of horizontal tracking error.
The Independent variable: The variable that is manipulated in an experiment. The
experimenter, not by the participant, determines its value.
Control group: A group of participants in an experiment that does not receive the
experimental treatment. The data from the control group are used as a baseline against
which data from the experimental group are compared.
Experimental group: A group of participant in an experiment that receives a nonzero
level of the independent variable.
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Vertical tracking error: Altitude deviation in feet from assigned altitude.
Horizontal Tracking error: Heading deviation in degrees from assigned tracking course.
Factorial Design: For the purpose of this paper, factorial design is an experimental design
in which every level of one independent variable is combined with every level of every
other independent variable.
Task complexity: for the purpose of this paper, task complexity is defined as psychomotor
tasks and task that demand a high level of perceptual capacity.
Root Mean Square: (in statistics) A typical value of a number (//) of values of a quantity
(A'UT2^3---)

equal to the square root of the sum of the squares of the values divided by n, i.e.

RMS value = [square root][(A]2 + x22 + A'32...)/"]
Standard Deviation: (SD) is a measure of the scatter or variability about the mean in a
series of observations. SD is the positive square root of the variance.
Psychomotor tasks: the unexpected degree of turbulence (light and severe intensity) with
mid-level clouds (altocumulus) while executing the task.
Air Turbulence: The major cause of the air turbulence that sometimes makes airplanes
move up and down is wind shear. The term "wind shear" is define as a change in wind
speed and direction, or both, over a relatively short distance and such changes contribute in
creating swirls of air, that cause turbulence.
Turbulence intensity (Moderate): is defined as turbulence that causes changes in altitude
and/ or attitude but the aircraft remains in positive control at all times (it causes variations
in indicated airspeed). It is similar to light turbulence but of greater intensity.
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Mid-level clouds (Altocumulus): These clouds form between 6,000 and 20,000 feet and
appear as gray, puffy blobs, sometimes rolled out in parallel waves or bands. Altocumulus
typically forms from gradual lifting of air ahead of an advancing cold front.
Duration of exposure: 60 minutes of random noise
Noise intensity: random decibels of noise (70, 60 & 50dB) within human range
Pilot license/ certification: for the purpose of this paper, the participant will have private
pilot license or had completed private pilot certification with a total flight time of less than
500 hours. The reason for the requirement is to reduce the time duration necessary to train
the participants on how to fly in the simulator.
Hypothesis: A tentative statement, subject to empirical test, about the expected
relationship between variables.
P value: In a statistical test, the probability, estimated from the data, that an observed
difference in sample values arose through sampling error. For the purpose of this study, P
must be less than or equal to the chosen alpha level for the difference to be statistically
significant.
Alpha level: This refers to the probability that an observed difference between means
occurred because of sampling error (chance). By convention, the maximum acceptable
alpha level is .05.
Analysis of variance (ANOVA): An inferential statistic used to evaluate data from
experiments with more than two levels of an independent variable or data from multifactor
experiments.
F ratio: The test statistic computed when using an analysis of variance. It is the ratio of
the variable to error variance.

APPENDIX G
FACTORIAL MATRIX
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Table 5 shows the matrix for the factorial experiment with two factors.

Table 5. Factorial Experimental Design With Two Factors
AB Matrix
Material
(Factor B)
No Noise (bl)OdBa
Low Noise (b2) 50 dBa
Medium Noise (b3) 60 dBa
High Noise (b4) 70 dBa

15 minutes
Al

Duration Interval (Factor A)
30 minutes
45 minutes
A2
A3

60 minutes
A4

APPENDIX H
ORDER OF PRESENTATION
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Table 7. Order of Presentation
Participant

Group 1
(Control)
60 minutes Task

Group 2a
(Experiment)
60 minutes Exp.

Group 2b
(Experiment)
60 minutes Exp.

Group 2c
(Experiment)
60 minutes Exp.

bi - 0 dB SpL b2 - 50 dB SpL
b3 - 70 dB SpL
b4 - 90 dB SpL

I
biCic 2
bicic 2
bicic 2
bicic 2
b,cic 2
bicic 2
bicic 2
biCic 2

1
2
3
4
5
6
7
8
9 b4 C1C2
10 b4 C1C2
11 b4 C1C2
12 b4 C1C2
13 b4 C1C2
14 b4 C1C2
15 b4 C1C2
16 b 4 Cic2
17 b2 C1C2
18 b2 C1C2
19 b2 C1C2
20 b2 C]C2
21 b2 C1C2
22 b2 C1C2
23 b2 C1C2
24 b 2 cic 2
25 b 3 cic 2
26 b 3 cic 2
27 b 3 cic 2
28 b 3 cic 2
29 b 3 cic 2
30 b 3 cic 2
31 b 3 cic 2
32 b 3 cic 2
No noise
noise Level

Ci - Vertical tracking task
C2 - Horizontal tracking task _

Task Complexity

APPENDIX I
RESULT DATA
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Table 6. RMS and 4x4 Factorial Experimental Description

Two noise Vanables:

Task Complexity

straight & level flight

60 minutes task

1. Noise Intensity — - _ _ _ _ ^ ^ Vertical tracking task -> ci
^ ^ ^ ^ Horizontal tracking task-> c2
2. Noise Duration
-^^^

Level of noise intensity
15 minutes
30 minutes
45 minutes
Exposure
Exposure
Exposure
Al
A2
A3
RMS 10-15 minutes RMS 25-30 minutes RMS 40-45 minutes
Alt.
Head.
Alt.
Head.
Alt.
Head.
20.30
3.21
18.03
2.38
1 15.03
1.93
108.9
2.76
82.35
2.47
66.77
2.36
2.13
62.63
2.58
58.52
3.58
No Noise Bl 33.89
2.04
34.60
20.67 1 2.20
27.72
2.31
52.41
2.93
44.12
2.18
37.21
1.97
Group 1
27.41
2.48
2.55
34.13
20.95
2.35
85.79
7.94
32.9
6.26
4.95
24.56
3.62
37.14
2.26
2.82
45.25
43.59
Test
Duration

Mean =

51.0687

Alt.
45.95
40.74
Low Noise B2
44.01
50 dBa
30.11
84.49
Group 2a
54.31
30.32
47.00
Mean =

47.1162

3.3887

Head.
2.92
2.44
3.80
3.72
5.41
4.27
| 4.02
5.88
4.0575

41.4962

2.86

60 minutes
Exposure
A4
RMS 55-60 minutes
Alt.
Head.
16.67
1.99
52.12
4.49
42.67
1.87
2.32
36.78
86.30
2.51
47.01
2.71
30.39
5.26
37.84
2.47

36.7937

2.7837

43.7225

2.9525

Alt.
46.93
66.14
38.55
43.91
46.38
46.26
58.52
63.82

Head.
2.89
2.99
2.40
4.09
4.89
2.31
2.54
6.79

Alt.
51.59
67.49
27.41
44.47
61.05
63.21
59.49
52.12

Head.
2.84
4.42
2.00
3.21
6.14
2.35
2.52
5.25

Alt.
37.26
52.71
49.15
55.09
89.79
70.57
34.79
49.62

Head.
2.11
2.51
2.61
4.53
5.10
3.04
2.15
5.81

51.3137

3.6125

53.3537

3.5912

54.8725

3.4825
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Alt.
31.85
30.22
32.60
53.15
56.19
178.82
37.40
27.53

Head.
2.20
1.67
2.14
2.25
4.60
2.46
3.42
1.89

Alt.
26.59
34.41
45.06
32.04
31.04
44.34
36.60
35.42

Head.
1.62
2.08
2.22
1.78
3.21
3.47
3.30
1.54

Alt.
19.78
15.47
35.98
35.51
42.72
98.15
26.09
30.68

Head.
1.71
1.70
1.70
1.94
2.91
2.22
1.92
2.01

Alt.
34.98
15.09
48.67
42.87
36.31
94.02
21.74
25.24

Head.
2.98
1.50
1.74
3.74
5.12
1.07
1.40
2.26

55.97

2.5787

35.6875

2.4025

38.0475

2.0137

39.865

2.4762

Alt.
89.76
41.64
33.81
58.27
27.77
39.39
59.57
80.77

Head.
3.41
6.32
2.80
7.82
2.32
1.91
11.38
5.64

Alt.
85.24
46.02
40.69
41.22
17.87
68.26
229.60
46.98

Head.
3.44
4.77
2.28
5.22
2.21
3.83
5.63
5.21

Alt.
481.40
40.43
35.12
82.72
23.02
52.56
92.25
61.12

Head.
6.73
3.63
2.51
4.71
2.22
2.46
8.59
4.74

Alt.
53.62
47.28
32.96
43.79
17.50
21.48
66.54
44.46

Head.
4.18
4.21
2.55
4.32
1.87
2.63
6.82
6.39

Mean =

54.9829

5.2000

70.9850

4.0737

108.5775

3.1596

40.9538

4.1213

Noise Total

52.2845

3.8063 49.8712

3.2375

58.8838

3.2094 44.7093

3.2578

Medium
Noise B3
60 dBa
Group 2b

Mean =

High Noise
B4

70 dBa
Group 2c

Grand Mean

51.3848 3.3777
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